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(57) Abstract: In one aspect, the present invention provides pharmaceutical compositions comprising a therapeutically effective 
O amount of a compound of general formula (I), wherein R r R«, R.-Rc> Q, Yt, Y 2 and n are as defined herein, whereby the composition 
^ is formulated for administration to a subject at a dosage between about 0.1 mg/kg to about 50 mg/kg of body weight. In another 
aspect, the present invention provides a method for treating breast tumor metastasis in a subject comprising administering to a subject 
^ in need thereof a therapeutically effective amount of the inventive composition described directly above and a pharmaceutical ly 
acceptable carrier, adjuvant or vehicle. 
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Priority Claim 



[0001] The present application claims priority to U.S. Provisional Application 
Nos.: 60/458,827, filed March 28, 2003, and 60/496,165, filed August 19, 2003; the 

* ■ 

entire contents of each of the above-referenced applications are hereby incorporated 
herein by reference. 



National Cancer Institute; Grant Nos.: AI-16943 and GM056904 from the National 
Institutes of Health; and by Postdoctoral Fellowships for Christoph Gaul (Deutscher 
Akademischer Austauschdienst, DAAD) and Jon Tryggvi Njardarson (General 
Motors Cancer Research Program). The U.S. government may have certain rights in 
this invention. 



[0003] Migrastatin (1) is a novel 14-membered ring macrolide natural product, 
that was first isolated from a cultured broth of Steptomyces sp. MK929-43F1 by 
Imoto et al (see, Nakae et al., 1 Antibiot, 2000, 53, 1 130-1 136; and Nakae et al, J. 
Antibiot, 2000, 53, 1228-1230). It was recently reported that cultures of 
Steptomyces platensis also produce Migrastatin (see. Woo et al, J. Antibiot, 2002, 
55, 141-146). 
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[0004] Migrastatin has been shown to inhibit both migration and anchorage- 
independent growth of human tumor cells (see, Nakae et al, J. Anfibiot, 2001, 54, 
1104-1107), and has sparked interest in the area of cancer research. Specifically, 
migration of tumor cells is part of the complex process of metastasis, which is the 
leading cause of death in cancer patients. ^ Therefore, Migrastatin and derivatives 
thereof hold great potential as therapeutic agents for the treatment of cancer. 
[0005] After initial isolation and reporting of this compound, several groups 
explored the possibility of preparing derivatives and/or further exploring their 
biological activity. Each of these groups, however, was only able to obtain 
Migrastatin and derivatives thereof by fermentation techniques and/or by 
modifications to the natural product, and thus was limited in the number and types 
of derivatives that could be prepared and/or evaluated for biological activity. 
[0006] Clearly, there remains a need for compounds related to Migrastatin. 
Therefore, there is a need to develop synthetic methodologies to access a variety of 
novel analogues of Migrastatin, particularly those that are inaccessible by making 
modifications to the natural product. It would also be of particular interest to 
develop novel compounds that exhibit a favorable therapeutic profile in vivo (e.g., 
are safe and effective). 



Summary of the Invention 
[0007] In one aspect, the present invention provides pharmaceutical 
compositions comprising a therapeutically effective amount of a compound of 
general formula (I), 



WO 2004/087672 PCIYUS2004/009380 




(D 

« 

as described generally and in subclasses herein, whereby the composition is 
formulated for administration to a subject at a dosage between about 0. 1 mg/kg to 
about 50 mg/kg of body weight. 

[0008] In another aspect, the present invention provides a method for 

treating breast tumor metastasis in a subject comprising administering to a subject in 
need thereof a therapeutically effective amount of the inventive composition 
described directly above and a phannaceutically acceptable carrier, adjuvant or 
vehicle. 

Definitions 

[0009] The term "aliphatic", as used herein, includes both saturated and 

unsaturated, straight chain (Le. 9 unbranched) or branched aliphatic hydrocarbons, 

i- 

which are optionally substituted with one or more functional groups. As will be 
appreciated by one of ordinary skill in the art, "aliphatic" is intended herein to 
include, but is not limited to, alkyl, alkenyl, alkynyl moieties. Thus, as used herein, 
the term "alkyl" includes straight and branched alkyl groups. An analogous 
convention applies to other generic terms such as "alkenyl", "alkynyl" and the like. 
Furthermore, as used herein, the terms "alkyl", "alkenyl", "alkynyl" and the like 
encompass both substituted and unsubstituted groups. In certain embodiments, as 
used herein, "lower alkyl" is used to indicate those alkyl groups (cyclic, acyclic, 

» ■ 

substituted, unsubstituted, branched or unbranched) having about 1-6 carbon atoms. 
[0010] In certain embodiments, the alkyl, alkenyl and alkynyl groups 

employed in the invention contain about 1-20 aliphatic carbon atoms. In certain 
other embodiments, the alkyl, alkenyl, and alkynyl groups employed in the invention 
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contain about 1-10 aliphatic carbon atoms. In yet other embodiments, the alkyl, 
alkenyl, and alkynyl groups employed in the invention contain about 1-8 aliphatic 
carbon atoms. In still other embodiments, the alkyl, alkenyl, and alkynyl groups 
employed in the invention contain about 1-6 aliphatic carbon atoms. In yet other 
embodiments, the alkyl, alkenyl, and alkynyl groups employed in the invention 
contain about 1-4 carbon atoms. Illustrative aliphatic groups thus include, but are 
not limited to, for example, methyl, ethyl, n-propyl, isopropyl, allyl, n-butyl, sec- 
butyl, isobutyl, tert-butyl, n-pentyl, sec-pentyl, isopentyl, tert-pentyl, n-hexyl, sec- 
hexyl, moieties and the like, which again, may bear one or more substituents. 
Alkenyl groups include, but are not limited to, for example, ethenyl, propenyl, 
butenyl, l-methyl-2-buten-l-yl, and the like. Representative alkynyl groups include, 
but are not limited to, ethynyl, 2-propynyl (propargyl), 1-propynyl and the like. 
[0011] The term "alicyclic", as used herein, refers to compounds which 

combine the properties of aliphatic and cyclic compounds and include but are not 
limited to cyclic, or polycyclic aliphatic hydrocarbons and bridged cycloalkyl 
compounds, which are optionally substituted with one or more functional groups. 
As will be appreciated by one of ordinary skill in the art, "alicyclic" is intended 

herein to include, but is not limited to, cycloalkyl, cycloalkenyl, and cycloalkynyl 

• .... 

moieties, which are optionally substituted with one or more functional groups. 
Illustrative alicyclic groups thus include, but are not limited to, for example, 
cyclopropyl, -CH 2 -cyclopropyl, cyclobutyl, -CH 2 -cyclobutyl, cyclopentyl, -CH 2 - 

* # 

cyclopentyl-n, cyclohexyl, -CH 2 -cyclohexyl, cyclohexenylethyi, cyclohexanylethyl, 
norborbyl moieties and the like, which again, may bear one or more substituents. 
[0012] The terms "alkoxy" (or "alkyloxy"), and "thioalkyl" as used herein 

refers to an alkyl group, as previously defined, attached to the parent molecular 
moiety through an oxygen atom ("alkoxy") or through a sulfur atom ("thioalkyl"). 
In certain embodiments, the alkyl group contains about 1-20 aliphatic carbon atoms. 
In certain other embodiments, the alkyl group contains about 1-10 aliphatic carbon 
atoms. In yet other embodiments, the alkyl group contains about 1-8 aliphatic 
carbon atoms. In still other embodiments, the alkyl group contains about 1-6 
aliphatic carbon atoms. In yet other embodiments, the alkyl group contains about 1- 
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4 aliphatic carbon atoms. Examples of alkoxy groups, include but are not limited to, 
methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, tert-butoxy, neopentoxy and n- 
hexoxy. Examples of thioalkyl groups include, but are not limited to, methylthio, 
ethylthio, propylthio, isopropylthio, n-butylthio, and the like. 
[0013] The term "alkylamino" refers to a group having the structure - 

KHR' wherein R 5 is alkyl, as defined herein. The term "aminoalkyl" refers to a 
group having the structure NH2R 5 -, wherein R' is alkyl, as defined herein. In certain 
embodiments, the alkyl group contains about 1-20 aliphatic carbon atoms. In certain 
other embodiments, the alkyl group contains about 1-10 aliphatic carbon atoms. In 
yet other embodiments, the alkyl, alkenyl, and alkynyl groups employed in the 
invention contain about 1-8 aliphatic carbon atoms. In still other embodiments, the 
alkyl group contains about 1-6 aliphatic carbon atoms. In yet other embodiments, 
the alkyl group contains about 1-4 aliphatic carbon atoms. Examples of alkylamino 
include, but are not limited to, methylamino, ethylamino, iso-propylamino and the 
like. 

[0014] Some examples of substituents of the above-described aliphatic (and 

other) moieties of compounds of the invention include, but are not limited to 
aliphatic; heteroaliphatic; aryl; heteroaryl; alkylaryl; alkylheteroaryl; alkoxy; 
aryloxy; heteroalkoxy, heteroaryloxy; alkylthio; arylthio; heteroalkylthio; 
heteroarylthio; F; CI; Br, I; -OH; -NO2; -CN; -CF 3 ; -CH 2 CF 3 ; -CHC1 2 ; -CH 2 OH; - 
CH2CH2OH; -CH2NH2; -CH2SO2CH3; -C(0)R x ; -C02(Rx); -CON(Rx)2; -OC(0)Rx; - 
OCO2RX; -OCON(Rx)2; -N(Rx)2; -S(0>2Rx; -NRx(CO)R x wherein each occurrence of 
R x independently includes, but is not limited to, aliphatic, heteroaliphatic, aryl, 
heteroaryl, alkylaryl, or alkylheteroaryl, wherein any of the aliphatic, 
heteroaliphatic, alkylaryl, or alkylheteroaryl substituents described above and herein 
may be substituted or unsubstituted, branched or unbranched, cyclic or acyclic, and 
wherein any of the aryl or heteroaryl substituents described above and herein may be 
substituted or unsubstituted. Additional examples of generally applicable 
substituents are illustrated by the specific embodiments shown in the Examples that 
are described herein. 
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[0015] In general, the terms "aryl" and "heteroaryl", as used herein, refer to 

stable mono- or polycyclic, heterocyclic, polycyclic, and polyheterocyclic 
unsaturated moieties having preferably 3-14 carbon atoms, each of which may be 
substituted or unsubstituted. It will also be appreciated that aryl and heteroaryl 
moieties, as defined herein may be attached via an aliphatic, alicyclic, 
heteroaliphatic, heteroalicyclic, alkyl or heteroalkyl moiety and thus also include — 
(aliphatic)aryl, -(heteroaliphatic)aryl, -(aliphatic)heteroaryl, 

(heteroaliphatic)heteroaryl, and specifically -{alkyl)aryl ? -(heterdalkyl)aryl, - 
(heteroalkyl)aryl, and -(heteroalkyl)heteroaryl moieties. Thus, as used herein, the 
phrases "aryl or heteroaryr and "aryl, heteroaryl, -{aliphatic)aryl, - 
(heteroaliphatic)aryl, -(aliphatic)heteroaryl, -(heteroaliphatic)heteroaryl, - 
(alkyl)aryl, -(heteroalkyl)aryl, -(heteroalkyl)aryl, and ~(heteroalkyl)heteroaryr are 
often interchangeable. Substituents include, but are not limited to, any of the 
previously mentioned substitutents, Le. 9 the substituents recited for aliphatic 
moieties, or for other moieties as disclosed herein, resulting in the formation of a 
stable compound In certain embodiments of the present invention, "aryl" refers to a 
mono- or bicyclic carbocyclic ring system having one or two aromatic rings 
including, but not limited to, phenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl 
and the like. In certain embodiments of the present invention, the term "heteroaryr', 
as used herein, refers to a cyclic aromatic radical having from about five to about ten 
1 ring atoms of which one ring atom is selected from S^O andN; zero, one or two ring 
atoms are additional heteroatoms independently selected from S, O and N; and the 
remaining ring atoms are carbon, the radical being joined to the rest of the molecule 
via any of the ring atoms, such as, for example, pyridyl, pyrazinyl, pyrimidinyl, 
pyrrolyl, pyrazolyl, imidazolyl, thiazolyl, oxazolyl, isooxazolyl, thiadiazolyl, 
oxadiazolyl, thiophenyl, furanyl, quinolinyl, isoquinolinyl, and the like. 
[0016] It will be appreciated that aryl and heteroaryl groups (including 

bicyclic aryl groups) can be unsubstituted or substituted, wherein substitution 
includes replacement of one, two or three of the hydrogen atoms thereon 
independently with any one or more of the following moieties including, but not 
limited to: aliphatic; heteroaliphatic; aryl; heteroaryl; alkylaryl; alkylheteroaryl; 
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alkoxy; aryloxy; heteroalkoxy; heteroaryloxy, alkylthio; arylthio; heteroalkylthio; 
heteroarylthio; F; CI; Br; I; -OH; -N0 2 ; -CN; -CF 3 ; -CH 2 CF 3 ; -CHC1 2 ; -CH 2 OH; - 
CH 2 CH 2 OH; -CH 2 NH 2 ; -CH^CIfe; -C(0)R x ; -C0 2 (R x ); -CON(Rx>2; -OC(0)R x ; - 
OC02R x ; -OCON(R ri )2; -N(Rx>2; -3(0)^; -NR s (CO)R r . wherein each occurrence of 
R x independently includes, but is not limited to, aliphatic, heteroaliphatic, aryl, 
heteroaryl, alkylaryl, or alkylheteroaryl, wherein any of the aliphatic, 
heteroaliphatic, alkylaryl, or alkylheteroaryl substituents described above and herein 
may be substituted or unsubstituted, branched or unbranched, cyclic or acyclic, and 
wherein any of the aryl or heteroaryl substituents described above and herein may be 
substituted or unsubstituted. Additional examples of generally applicable 
substituents are illustrated by the specific embodiments shown in the Examples that 
are described herein. 

[0017| The term "cycloalkyF, as used herein, refers specifically to groups 

■ 

having three to seven, preferably three to ten carbon atoms. Suitable cycloalkyls 
include, but are not limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl and the like, which, as in the case of aliphatic, heteroaliphatic or 
heterocyclic moieties, may optionally be substituted with substituents including, but 
not limited to aliphatic; heteroaliphatic; aryl; heteroaryl; alkylaryl; alkylheteroaryl; 
alkoxy; aryloxy; heteroalkoxy, heteroaryloxy, alkylthio; arylthio; heteroalkylthio; 
heteroarylthio; F; CI; Br, I; -OH; -NCfe; -CN; -CF 3 ; -CH 2 CF 3 ; -CHC1 2 ; -CH 2 OH; - 
CH 2 CH 2 OH; -CH 2 NH 2 ; -CH2SO2CH3; -C(0)R x ; -CO^O; -CON(R x )2; -OC(0)R x ; - 
OC02R x ; -OCONCR^; -NCR^; -S(0>2R X ; -NR x (CO)R x wherein each occurrence of 
R x independently includes, but is not limited to, aliphatic, heteroaliphatic, aryl, 
heteroaryl, alkylaryl, or alkylheteroaryl, wherein any of the aliphatic, 
heteroaliphatic, alkylaryl, or alkylheteroaryl substituents described above and herein 
may be substituted or unsubstituted, branched or unbranched, cyclic or acyclic, and 
wherein any of the aryl or heteroaryl substituents described above and herein may be 
substituted or unsubstituted. Additional examples of generally applicable 
substituents are illustrated by the specific embodiments shown in the Examples that 
are described herein. 
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[00181 The term "heteroaliphatic", as used herein, refers to aliphatic moieties 

in which one or more carbon atoms in the main chain have been substituted with a 
heteroatom. Thus, a heteroaliphatic group refers to an aliphatic chain which 
contains one or more oxygen, sulfar, nitrogen, phosphorus or silicon atoms, e.g., in 
place of carbon atoms. Heteroaliphatic moieties may be branched or linear 
unbranched. In certain embodiments, heteroaliphatic moieties are substituted by 
independent replacement of one or more of the hydrogen atoms thereon with one or 
more moieties including, but not limited to aliphatic; alicyclic; heteroaliphatic; 
heteroalicyclic; aryl; heteroaryl; alkylaryl; alkylheteroaryl; alkoxy; aryloxy; 
heteroalkoxy; heteroaryloxy; alkylthio; arylthio; heteroalkylthio; heteroarylthio; F; 
CI; Br, I; -OH; -NCh; -CN; -CF 3 ; -CH 2 CF 3 ; -CHC1 2 ; -CH 2 OH; -CH 2 CH 2 OH; - 
CH 2 NH 2 ; -CHzSOzCHa; -C(0)R x ; -CC^RO; -CONCR^; -OC(0)R x ; -OCOzRx; - 
OCONCR^; -NCR^; -SCO^R* -NR x (CO)R x wherein each occurrence of R x 
independently includes, but is not limited to, aliphatic, alicyclic, heteroaliphatic, 
heteroalicyclic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl, wherein any of the 
aliphatic, alicyclic, heteroaliphatic, heteroalicyclic, alkylaryl, or alkylheteroaryl 
substituents described above and herein may be substituted or unsubstituted, 
branched or unbranched, cyclic or acyclic, and wherein any of the aryl or heteroaryl 
substituents described above and herein may be substituted or unsubstituted. 
Additional examples of generally applicable substituents are illustrated by the 
specific embodiments shown in the Examples that are described herein. 
[0019] The term "heteroalicyclic", as used herein, refers to compounds 

which combine the properties of heteroaliphatic and cyclic compounds and include 
but are not limited to saturated and unsaturated mono- or polycyclic heterocycles 
such as morpholino, pyrrolidinyl, furanyl, thiofuranyl, pyrrolyl etc., which are 
optionally substituted with one or more functional groups, as defined herein. 
[0020] Additionally, it will be appreciated that any of the alicyclic or 

heteroalicyclic moieties described above and herein may comprise an aryl or 
heteroaryl moiety fused thereto. Additional examples of generally applicable 
substituents are illustrated by the specific embodiments shown in the Examples mat 
are described herein. 
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[0021] The terms "halo" and "halogen" as used herein refer to an atom 

selected from fluorine, chlorine, bromine and iodine. 

[0022] The term "haloalkyl" denotes an alkyl group, as defined above, 

having one, two, or three halogen atoms attached thereto and is exemplified by such 
groups as chloromethyl, bromoethyl, trifluoromethyl, and the like. 
[0023] The term "acyloxy", as used herein, does not substantially differ from 

the common meaning of this term in the art, and refers to a moiety of structure — 
OC(0)Rx, wherein Rx is a substituted or unsubstituted, cyclic or acyclic, linear or 
branched, saturated or unsaturated aliphatic, alicyclic, heteroaliphatic, 
heteroalicyclic, aryl or heteroaryl moiety. 

[0024] The term "acyl", as used herein, does not substantially differ from the 

common meaning of this term in the art, and refers to a moiety of structure - 
C(0)Rx, wherein Rx is a substituted or unsubstituted, cyclic or acyclic, linear or 

« 

branched, saturated or unsaturated aliphatic, alicyclic, heteroaliphatic, 
heteroalicyclic, aryl or heteroaryl moiety. 

[0025] The term "heterocycloalkyl" or "heterocycle", as used herein, refers 

to a non-aromatic 5-, 6- or 7- membered ring or a polycyclic group, including, but 
not limited to a bi- or tri-cyclic group comprising fused six-membered rings having 
between one and three heteroatoms independently selected from oxygen, sulfur and 
nitrogen, wherein (i) each 5-membered ring has 0 to 1 double bonds and each 6- 
membered ring has 0 to 2 double bonds, (ii) the nitrogen and sulfur heteroatoms may 
be optionally , be oxidized, (iii) the nitrogen heteroatom may optionally be 
quaternized, and (iv) any of the above heterocyclic rings may be fused to an aryl or 
heteroaryl ring; Representative heterocycles include, but are not limited to, 
pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, 
piperazinyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, 
isothiazolidinyl, and tetrahydrofuryl. In certain embodiments, a "substituted 
heterocycloalkyl or heterocycle" group is utilized and as used herein, refers to a 
heterocycloalkyl or heterocycle group, as defined above, substituted by the 
independent replacement of one, two or three of the hydrogen atoms thereon with 
but are not limited to aliphatic; heteroaliphatic; aryl; heteroaryl; alkylaryl; 
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alkylheteroaryl; alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; alkylthio; arylthio; 
heteroalkylthio; heteroarylthio; F; CI; Br, I; - OH; -NO z ; -CN; -CF 3 ; -CH 2 CF 3 ; - 
CHC1 2 ; -CH2OH; -CH2CH2OH; -CH 2 NH 2 ; -CH 2 S0 2 CH 3 ; -C(0)R x ; -CO2OR*); - 
COMORO; -OC(0)R :; ; -QCChR* -OCONCR^; -N(Rh) 2 ; -3(0^*; -MR s (C0)R 3 
wherein each occurrence of R s independently includes, but is not limited to, 
aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl, wherein any 
of the aliphatic, heteroaliphatic, alkylaryl, or alkylheteroaryl substituents described 
above and herein may be substituted or unsubstituted, branched or unbranched, 
cyclic or acyclic, and wherein any of the aryl or heteroaryl substitutents described 
above and herein may be substituted or unsubstituted. Additional examples or 
generally applicable substituents are illustrated by the specific embodiments shown 
in the Examples, which are described herein. 

(0026] As used herein, the terms "aliphatic", "heteroaliphatic", "alkyl", 

"alkenyl", "alkynyl", "heteroalkyl", "heteroalkenyl", "heteroalkynyl", and the like 
encompass substituted and unsubstituted, saturated and unsaturated, and linear and 
branched groups. Similarly, the terms "alicyclic", "heteroalicyclic", 
"heterocycloalkyl", "heterocycle" and the like encompass substituted and 
unsubstituted, and saturated and unsaturated groups. Additionally, the terms 
cycloalkyl", "cycloalkenyl", "cycloalkynyl", "heterocycloalkyl", 
terocycloalkenyl", "heterocycloalkynyl", "aryl", "heteroaryl" and the like 
encompass both substituted and unsubstituted groups. 

[0027] The phrase, "pharmaceutically acceptable derivative", as used herein, 
denotes any pharmaceutically acceptable salt, ester, or salt of such ester, of such 
compound, or any other adduct or derivative which, upon administration to a patient, 
is capable of providing (directly or indirectly) a compound as otherwise described 
herein, or a metabolite or residue thereof. Pharmaceutically acceptable derivatives 
thus include among others pro-drugs. A pro-drug is a derivative of a compound, 
usually with significantly reduced pharmacological activity, which contains an 
additional moiety, which is susceptible to removal in vivo yielding the parent 
molecule as the pharmacologically active species. An example of a pro-drug is an 
ester, which is cleaved in vivo to yield a compound of interest. Pro-drugs of a 



« 



u 



WO 2004/087672 



11 



PCT/US2004/009380 



variety of compounds, and materials and methods for derivatizing the parent 
compounds to create the pro-drugs, are known and may be adapted to the present 
invention. Certain exemplary pharmaceutical compositions and pharmaceutically 
acceptable derivatives will be discussed in more detail herein below. 
[002S] By the term "protecting group'', has used herein, it is meant that a 

particular functional moiety, e.g., O, S, or N, is temporarily blocked so that a 
reaction can be carried out selectively at another reactive site in a multifunctional 
compound. In preferred embodiments, a protecting group reacts selectively in good 
. yield to give a protected substrate that is stable to the projected reactions; the 
protecting group must be selectively removed in good yield by readily available, 
preferably nontoxic reagents that do not attack the other functional groups; the 
protecting group forms an easily separable derivative (more preferably without the 
generation of new stereogenic centers); and the protecting group has a minimum of 
additional functionality to avoid further sites of reaction. As detailed herein, 
oxygen, sulfur, nitrogen and carbon protecting groups may be utilized. For example, 
in certain embodiments, as detailed herein, certain exemplary oxygen protecting 
groups are utilized. These oxygen protecting groups include, but are not limited to 
methyl ethers, substituted methyl ethers (e.g., MOM (methoxymethyl ether), MTM 
(methylthiomethyl ether), BOM (benzyloxymethyl ether), PMBM or MPM (p- 
methoxybenzyloxymethyl ether), to name a few), substituted ethyl ethers, 
substituted benzyl ethers, silyl ethers (e.g., TMS (trimethylsilyl ether), TES 
(triethylsUylether), TIPS (triisopropylsilyl ether), TBDMS (t-butyldimethylsilyl 
ether), tribenzyl silyl ether, TBDPS (t-butyldiphenyl silyl ether), to name a few), 
esters (e.g., formate, acetate, benzoate (Bz), trifluoroacetate, dichloroacetate, to 
name a few), carbonates, cyclic acetals and ketals. In certain other exemplary 
embodiments, nitrogen protecting groups are utilized. These nitrogen protecting 
groups include, but are not limited to, carbamates (including methyl, ethyl and 
substituted ethyl carbamates (e.g., Troc), to name a few) amides, cyclic imide 
derivatives, N-Alkyl and N-Aryl amines, imine derivatives, and enamine 
derivatives, to name a few. Certain other exemplary protecting groups are detailed 
herein, however, it will be appreciated that the present invention is not intended to 
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naturally 



be limited to these protecting groups; rather, a variety of additional equivalent 
protecting groups can be readily identified using the above criteria and utilized in 
the present invention. Additionally, a variety of protecting groups are described in 
"Protective Groups in Organic Synthesis" Third Ed. Greene, T.W. and Wuts, P.G., 
Eds., John Wiley & Sons, New York: 1999, the entire contents of which are hereby 
incorporated by reference. 

[0029] As used herein, the term "reaction vessel" denotes any container that 

can contain a reacting solution. For example, test tubes, petri dishes, and wells can 
all constitute reaction vessels. Preferably, a reaction vessel is a well in a multiwell 
plate or other multivessel format 

Brief Description of the Drawing 
[0030] Figure 1 A depicts a *H NMR spectrum of synthetic Migrastatin. 

[0031] Figure IB depicts a 'H NMR spectrum o 

Migrastatin. 

[0032] Figure 2 depicts effects of inventive compounds on 4T1 tumor cell 

migration: (A) macrolactone 48; and (B) migrastatin (1). 

[0033] Figure 3 depicts effects of inventive compounds on 4T1 cell 

proliferation. 

[0034] Figure 4 depicts effects of treatment with exemplary migrastatin 

analogs on 4T1 tumor lung metastasis in syngeneic mice. 

[0035] Figure 5 depicts effects of migrastatin analogs on 4T1 cell tumor 

growth. 

[0036] Figure 6 depicts effects of migrastatin analogs on wound healing. 

(A) no serum; (B) with serum; (C) Macrolactone 48 and serum (200 nM); and (D) 
Migrastatin (1) and serum (200 nM). 

Description of Certain Preferred Embodiments of the Invention 

[0037] In recognition of the need to access novel Migrastatin analogs, and 

this class of macrocycles in general, the present invention provides novel 
macrocyclic compounds, as described in more detail herein, which exhibit the ability 
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to inhibit cell migration- Therefore, the compounds may be useful as angiogenesis 
inhibitors. The invention also provides information regarding structural elements 
that participate in or contribute to this activity, and therefore provides insight into 
the biological activity of this class of compounds. Thus, the compounds of the 
invention, and pharmaceutical compositions thereof, are useful as antiangiogenesis 
agents for the treatment of cancer and/or abnormal cell proliferation. In certain 
embodiments, the compounds of the present invention can be used for the treatment 
of diseases and disorders including, but not limited to solid tumor cancers, 
metastasis, ocular angiogenic diseases, diabetic retinopathy, retinopathy of 
prematurity, corneal graft rejection, neovascular glaucoma, retrolental fibroplasias, 
rubeosis, solid tumors, blood born tumors, leukemias, tumor metastases, benign 

■ 

tumors, acoustic neuromas, neurofibromas, trachomas, pyogenic granulomas, 
rheumatoid arthritis, psoriasis, Osier-Webber Syndrome, myocardial angiogenesis, 
plaque neovascularization, telangiectasia, hemophiliac joints, angiofibroma, or 
wound granulation, to name a few. 

[0038] 1) General Description of Compounds of the Invention 

[0039J In certain embodiments, the compounds of the invention include 

compounds of the general formula (I) as further defined below: 

Re 

0) 

pharmaceutical^ acceptable derivatives thereof, 

wherein Ri and R 2 are each independently hydrogen, halogen, -CN, -S(0)j_ 

2 R 1A , -N0 2 , -COR 1A , -C0 2 R 1A , -NR 1A C(=0)R 1B , -NR 1A C(=0)OR 1B , -CONR 1A R 1B , 

an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or - 
WR 1A ; wherein W is independently -0-, -S- or -NR 1C -, wherein each occurrence of 
R 1A R 1B and R 1C is independently hydrogen, or an aliphatic, heteroaliphatic, 
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aiicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Rj and R2, taken together 
with the carbon atoms to which they are attached, form an aiicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; 

R 3 is hydrogen, an aliphatic, heteroaUphatic, aiicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; or a prodrug moiety or an oxygen protecting group; 

is halogen, -OR 4A , -OC(=0)R 4A or -NR 4A R 4B ; wherein R 4A and R 4B are 
independently hydrogen, an aliphatic, heteroaliphatic, aiicyclic, heteroalicyclic, aryl 
or heteroaryl moiety; a prodrug moiety, a nitrogen protecting group or an oxygen 
protecting group; or R 4A and R 4B , taken together with the nitrogen atom to which 
they are attached, form a heterocyclic or heteroaryl moiety; or R4, taken together 
with the carbon atom to which it is attached forms a moiety having the structure: 

R 5 is hydrogen, an aliphatic, heteroaliphatic, aiicyclic, heteroalicycUc, aryl or 
heteroaryl moiety; 

Re is hydrogen, halogen, -CN, -S(0) u2 R 6 \ -N0 2 , -COR 6A , -CO^, - 
NR 6A C(=0)R 6B , -NR^CC^OR 63 , -CONR 6A R 6B , an aliphatic, heteroaUphatic, 
aiicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR 6A ; wherein W is 
independently -0-, -S- or -NR 60 -, wherein each occurrence of R 6A , R 68 and R 60 is 
independently hydrogen, or an aliphatic, heteroaliphatic, aiicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or R* and Rc, taken together with the carbon atoms to 
which they are attached, form an aiicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

R a and each occurrence of Rb are independently hydrogen, halogen, -CN, - 
SCO^R* -N0 2 , -COR al , -C0 2 R al , -NR^C^R 82 , -NR^C^OR 82 , - 
CONR^R 82 , an aliphatic, heteroaUphatic, aiicyclic, heteroalicyclic, aryl or heteroaryl 
moiety, or -WR al ; wherein W is independently -0-, -S- or -NR 83 -, wherein each 
occurrence of R al , R 82 and R 83 is independently hydrogen, or an aliphatic, 
heteroaliphatic, aiicyclic, heteroalicycUc, aryl or heteroaryl moiety; or Ra and the 
adjacent occurrence of Rb, taken together with the carbon atoms to which they are 
attached, form an aUcycUc, heteroaUcyclic, aryl or heteroaryl moiety; 



J 

i 
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R, is hydrogen, halogen, -CN, -SCO^R 01 , -N0 2 , -COR cl , -C0 2 R cl , - 
NR cl C(=0)R c2 , -NR^CXK^OR* 2 , -CONR^R 02 ; an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR cl ; wherein W is 
independently -0-, -S- or -MR 03 -, wherein each occurrence of R c , R c ~ and R is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or Rc and R*, taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety, 

a is an integer from 1 to 5; 

Xi is O, S, NR X1 or CR^R* 2 ; wherein R X1 and R* 2 are independently 
hydrogen, halogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety, or a nitrogen protecting group; 

Q is hydrogen, halogen, -CN, -S(0) 14 R Q1 , -N0 2 , -COR Q1 , -C0 2 R Q1 , - 
NR Qi C(=0)R Q2 , -NR Q1 C(=0)OR Q2 , -CONR Q1 R Q2 , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR Q1 ; wherein W is 
independently -0-, -S- or -NR Q3 -, wherein each occurrence of R Q1 , R^ and R Q3 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 

aryl or heteroaryl moiety; 

Yi and Y2 are independently hydrogen, an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or -WR Y1 ; wherein W is 

Y» Y| Y2 • 

independently -0-, -S- or -NR -, wherein each occurrence of R and R is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or Yi and Y 2 together with the carbon atom to which they 

A rY1 h< / RY1 

>0>( D Y2 J™ 

are attached form a moiety having the structure: x , ^ R » ^ , 
\. or%. 



[0040] In certain embodiments of compounds described directly above and 

compounds as described in certain classes and subclasses herein, inventive 
compounds do not have one of the following structures: 
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R=Hor f-CHzCO^ ) 



o 

R 4A = H or V^<r 

OMe 




R= -S-CH2-CH(NH2)COOH 
or -S(=0)-CH r CH(NH2)COOH 




or 




[0041] In certain other embodiments, compounds of formula (I) have the 

following stereochemistry: 




[0042] In certain other embodiments, compounds of formula (I) have the 

■ 

following stereochemistry: 



y, Y 2 I 



R4 



[0043] In certain other embodiments, compounds of formula (I) have the 

following stereochemistry: 
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OR 3 

[0044] In certain other embodiments, compounds of formula (I) are defined 

as follows: 

Ri and R 2 are each independently hydrogen or substituted or unsubstituted 
lower alkyl; or Ri and R 2 , taken together with the carbon atoms to which they are 
attached, form an epoxide, an aziridine or a substituted or unsubstituted cyclopropyl 
moiety; 

R3 is hydrogen, or substituted or unsubstituted lower alkyl or aryl; a prodrug 
moiety or an oxygen protecting group; 

R4 is halogen, -OR 4A , -OC(=0)R 4A or -NR 4A R 4B ; wherein R 4A and R 4B are 
independently hydrogen, or substituted or unsubstituted lower alkyl; a prodrug 
moiety, a nitrogen protecting group or an oxygen protecting group; or R 4A and R 4B , 
taken together with the nitrogen atom to which they are attached, form a 
heterocyclic or heteroaryl moiety; or R4, taken together with the carbon atom to 

<_ / W RY1 

which it is attached forms a moiety having the structure: \. . x I 
)=N >— N )=N 

R s and R« are each independently hydrogen or substituted or unsubstituted 
lower alkyl; or R« and R*, taken together with the carbon atoms to which they are 
attached, form an epoxide, an aziridine or a substituted or unsubstituted cyclopropyl 
moiety; 

Ra and each occurrence of Rb are independently hydrogen, halogen, alkyl, 
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl moiety, or -WR al ; 
wherein W is independently -0-, -S- or -NR* 3 -, wherein each occurrence of R al , and 
R 83 is independently hydrogen, or an alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, 



Y2 



WO 2004/087672 



18 



PCT/US2004/009380 



aryl or heteroaryl moiety; or Ra and the adjacent occurrence of Rb, taken together, 
form an epoxide, an aziridine or a substituted or unsubstituted cyclopropyl moiety; 

Rcis hydrogen, halogen, alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl 
or heteroaryl moiety, or -WR C| ; wherein W is independently -0-, -S- or -NR 
wherein each occurrence of R cl and R 03 is independently hydrogen, or an alkyl, 
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl moiety; or R« and R*, 
taken together with the carbon atoms to which they are attached, form an epoxide, 
an azdridine or a substituted or unsubstituted cyclopropyl moiety; 

n is an integer from 1 to 5; 

Xi is O, S, NR XI or CR X1 R X2 ; wherein R X1 and R* 2 are independently 
hydrogen, halogen, substituted or unsubstituted alkyl, heteroalkyl, cycloalkyl, 

* 

heterocycloalkyl, aryl or heteroaryl, or a nitrogen protecting group; 

Q is hydrogen, halogen, -CM, -S(0) U2 R Qi , -N0 2 , -COR Ql , -C0 2 R QI , - 
NR Ql C(=0)R Q2 , -NR Q1 C(=O)0R Q2 , -CONR^R 02 , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR Q1 ; wherein W is 
independently -O-, -S- or -NR Q3 -, wherein each occurrence of R Ql , R* 22 and R Q3 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 

aryl or heteroaryl moiety; 

Yi and Y 2 are independently hydrogen, an alkyl, heteroalkyl, cycloalkyl, 
heterocycloalkyl, aryl or heteroaryl moiety; or -WR Y1 ; wherein W is independently 
-0-, -S- or -NR* 2 -, wherein each occurrence of R Y1 and R* 2 is independently 
hydrogen, or an alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl 
moiety; or Yi and Y2 together with the carbon atom to which they are attached form 

a moiety having the structure: ^ , ^- R , ^ , 

y NHR Y1 



or 



)=N 



[0045] In certain embodiments, the present invention defines certain classes 

of compounds which are of special interest For example, one class of compounds 
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of special interest includes those compounds having the structure of formula (I) in 
which Ra, Rt, and Rc are each hydrogen, and the compound has one of the following 
structures: 

R Y, W, 




wherein Ri-R<>, Y2, Xi, n and Q are as defined in classes and subclasses 
herein; W is O or NH; and R Y1 is hydrogen, or an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety. 

[0046] In certain exemplary embodiments, compounds of the invention 

shown directly above have the following stereochemistry: 

R vt W. 




OR 3 OR 3 



[0047] Another class of compounds of special interest includes those 

compounds having the structure of formula (I) in which Ra, R*> and Rc are each 
hydrogen, Q is a carbonyl-containing moiety and the compound has one of the 
following structures: 
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wherein RpR6, Y2, Xi, n and Q are as defined in classes and subclasses 
herein; W is O or NH; and R Yl is hydrogen, or an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, 

[0048] In certain exemplary embodiments, compounds of the invention 

shown directly above have the following stereochemistry: 
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R Y, W, 



[0049] Another class of compounds of special interest includes compounds 

having the structure of formula (I) in which R*, Rb and Rc are each hydrogen, n is 3 
and the compound has one of the following structures: 



R Y1 W, 



R Y1 0 Y 2 9 






Ri OR 3 R t OR 3 Ri OR 3 

wherein Ri-R*, Y2, Q and Xi are as defined in classes and subclasses herein; 
W is O or NH; and R Y1 is hydrogen, or an aliphatic, heteroaliphatic, alicyclic, 
heteroalicyclic, aryl or heteroaryl moiety. 

[0050] In certain exemplary embodiments, compounds of the invention 

sLown directly above have the following stereochemistry: 



. 7 
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[0051] Another class of compounds of special interest includes compounds 

having the structure of formula (I) in which Ra, Rb and are each hydrogen, n is 3, 
Q is a carbonyl-containing moiety, and the compound has one of the following 
structures: 




wherein Ri-R*, X\ and Y2 are as defined in classes and subclasses herein; W 
is O or NH; R Y1 is hydrogen, or an aliphatic, heteroaliphatic, alicyclic, 
heteroalicyclic, aryl or heteroaryl moiety; R7 is a substituted or unsubstituted lower 
alkyl or heteroalkyl moiety; R« is a substituted or unsubstituted alkyl, heteroalkyl, 
cycloalkyl, heterocycloalkyl, aryl or heteroaryl moiety; and Alk is a substituted or 
unsubstituted Co^alkylidene or Co^alkenylidene chain wherein up to two non- 
adjacent methylene units are independently optionally replaced by CO, CO2, COCO, 
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CONR zl , OCONR 21 , NR Z1 NR Z2 5 NR ZI NR Z2 C0, NR zl CO, NR Z1 C0 2 , NR zl CONR Z2 , 
SO, S0 2 , NR ZI S02, S0 2 NR Z1 , NR ZI S0 2 NR Z2 , O, S, or NR Z1 ; wherein each 
occurrence of R ZI and R 22 is independently hydrogen, alkyl, heteroalkyl, aryl, 
heteroaryl or acyl. 

[0052] In certain exemplary embodiments, compounds of the invention 

shown directly above have the following stereochemistry: 




Hi OR 3 



[0053] Another class of compounds of special interest includes those 

compounds having the structure of formula (I) in which Ra, Rb and Rc are each 
hydrogen, Q is hydrogen and the compound has the following structure: 




wherein R1-R6, Yi, Y 2 , Xi, and n are as defined in classes and subclasses 

herein. 
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[0054] 



In certain exemplary embodiments, compounds of the invention 



shown directly above have the following stereochemistry: 




[0055] Another class of compounds of special interest includes compounds 

having the structure of formula (I) in which Ra, and Rc are each hydrogen, Q is 
hydrogen, n is 3 and the compound has the following structure: 




Ri or 3 ; 

wherein Ri-R$, Y\ 9 Y2, and Xi are as defined in classes and subclasses 

herein. 

[0056] In certain exemplary embodiments, compounds of the invention 

shown directly above have the following stereochemistry: 

Y1 Y 2 




[0057] The following structures illustrate several exemplary types of 

compounds of these classes. Additional compounds are described in the 
Exemplification herein. Other compounds of the invention will be readily apparent 
to the reader: 
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[0058] A number of important subclasses of each of the foregoing classes 

deserve separate mention; these subclasses include subclasses of the foregoing 
classes in which: 

[0059] i) Ri is hydrogen, halogen, -CN, -S(p) U2 R lA , -N0 2 , -COR 1A , - 

C0 2 R 1A , -NR 1A C(0)R 1B , -NR IA C(=0)OR 1B , -CONR 1A R 1B , an aliphatic, 
heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR 1A ; 
wherein W is independently -0-, -S- or -NR 1C -, wherein each occurrence of R IA , R 1B 
and R is independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, 
heteroalicyclic, aryl or heteroaryl moiety; 

[0060] ii) R x is hydrogen, halogen, -CN, -S(0) 1 . 2 R ,A , -N0 2 , -COR 1A , - 

C0 2 R 1A , -NR IA C(=0)R 1B , -NR 1A C(=0)OR 1B , -CONR 1A R 1B , an alkyl, heteroalkyl, 
cycloalkyl, heterocycloalkyl, aryl or heteroaryl moiety, or -WR 1A ; wherein W is 
independently -0-, -S- or -NR ,C -, wherein each occurrence of R lA , R 1B and R lc is 
independently hydrogen, or an alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl 
or heteroaryl moiety; 

[0061] iii) R x is hydrogen or lower alkyl; 
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[00621 iv) Ri is hydrogen; 

[0063] v) R 2 is hydrogen, halogen, -CN, -S(0) l-2 R IA , -N0 2 , -COR 1A , - 

C0 2 R lA , -NR 1A C(=0)R 1B , -NR lA C(=0)OR lB , -CONR lA R lB , an aliphatic, 
heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR 1A ; 
wherein W is independently -0-, -S- or -NR !C -, wherein each occurrence of R 1A , R lB 
and R IC is independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, 
heteroalicyclic, aryl or heteroaryl moiety; 

[00(541 vi) R 2 is hydrogen, halogen, -CN, -S(0) 1-2 R !A , -N0 2 , -COR 1A , - 

C0 2 R lA , -NR 1A C(=0)R lB , -NR 1A C(=0)OR 1B , -CONR lA R 1B , an alkyl, heteroalkyl, 
cycloalkyl, heterocycloalkyl, aryl or heteroaryl moiety, or -WR 1A ; wherein W is 
independently -0-, -S- or -NR 1C -, wherein each occurrence of R 1A , R 1B and R IC is 
independently hydrogen, or an alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl 
or heteroaryl moiety; 

[0065] vii) R 2 is hydrogen or lower alkyl; 

[0066] viii) R 2 is hydrogen; 

[0067] ix) Ri and R 2 are each hydrogen; 

[0068] x) Ri and R 2 , taken together with Ihe carhon atoms to which they are 

attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

[0069] xi) Ri and R 2 , taken together with the carbon atoms to which they are 

attached, form a cycloalkyl, heterocycloalkyl, aryl or heteroaryl moiety; 

[0070] xii) Ri and R 2 , taken together with the carbon atoms to which they 

are attached, form an epoxide; 

[0071] xiii) Ri and R 2 , taken together with the carbon atoms to which they 

are attached, form an aziridine; 

[0072] xiv) Ri and R 2 , taken together with the carbon atoms to which they 

are attached, form a substituted or unsubstituted cyclopropyl; 
[0073] xv) R 3 is hydrogen, alkyl, alkenyl, alkynyl, heteroalkyl, 

heteroalkenyl, heteroalkynyl, aryl, heteroaryl, silyl, -C(=0)R x , -C(=S)R X , - 
C(=NR*)R y , -S0 2 R x , wherein R x and R y are each independently hydrogen, alkyl, 
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, heteroalkyl, heteroalkenyl, 
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heteroalkynyl, heterocycloalkyl, heterocycloalkenyl, heterocycloalkynyl, 
heteroaliphatic, heteroalicyclic, aryl, heteroaryl, -C(=0)R A or-ZR A , wherein Z is - 
-S-, -NR B , wherein each occurrence of R A and R B is independently hydrogen, or 
an alkyl, alkenyl, alkynyl, cycloalkyK cycloalkenyl, cycloalkynyl, heteroalkyl, 
heteroalkenyl, heteroalkynyl, heterocycloalkyl, heterocycloalkenyl, 
heterocycloalkynyl, heteroaliphatic, heteroalicyclic, aryl or heteroaryl moiety; 
[00741 xvi) R3 is hydrogen, an alkyl, heteroalkyl, cycloalkyl, 

heterocycloalkyl, aryl or heteroaryl moiety; or a prodrug moiety or an oxygen 
protecting group; 

[0075] xvii) R 3 is hydrogen, lower alkyl, aryl, a prodrug moiety or an 

oxygen protecting group; 

[0076] xviii) R3 is hydrogen, lower alkyl, aryl or an oxygen protecting 

group; 

[0077] xix) R 3 is methyl; 

[0078] xxi) the carbon atom bearing R4 is of if-configuration; 

[0079] xxii) the carbon atom bearing R4 is of 5-configuration 

[0080] xxiii) R, is halogen, -OR 4A , -OC(=0)R 4A or -NR 4A R 4B ; wherein R 4A 

andR 4B are independently hydrogen, or substituted or unsubstituted lower alkyl; a 

prodrug moiety, a nitrogen protecting group or an oxygen protecting group; or R 4A 

and R 4B , taken together with the nitrogen atom to which they are attached, form a 

heterocyclic or heteroaryl moiety; or R4, taken together with the carbon atom to 

which it is attached forms a moiety haying the structure: X , ^- R Y2 , 
* /V /*" j NHR Y1 

^ .<* or^ , 

[0081] xxiv) R4 is a halogen selected from fluorine, chlorine, bromine, and 

iodine; 

[0082] xxv) R4 is fluorine; 

[00S3] xxvi) the carbon atom bearing R4 is of /{-configuration, and R4 is a 

halogen selected from fluorine, chlorine, bromine, and iodine; 
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[0084] xxvii) the carbon atom bearing R4 is of ^-configuration, and R4 is 

fluorine; 

[00851 XKmi) R4 is OR 4A , wherein R 4A is hydrogen, a substituted or 

unsubstituted lower alkyl; acyl; a prodrug moiety or an oxygen protecting group; 
[0086] xxix) R4 is OH; 

[00S7] xxx) R4 is -OC(=0)R 4A wherein R 4A is hydrogen, lower alkyl, aryl or 

heteroaryl; 

[008S] xxxi) R4 is OAc; 

[0089] xxxii) R4 is NR 4A R 4B ; wherein R 4A and R 4B are independently 

hydrogen, a substituted or unsubstituted lower alkyl; a prodrug moiety or a nitrogen 
protecting group; or R 4A and R 4B , taken together with the nitrogen atom to which 
they are attached, form a heterocyclic or heteroaryl moiety; 

[0090] xxxiii) R4 is NR 4A R 4B ; wherein R 4A and R 4B are independently 

hydrogen, alkyl, alkenyl, -C(=0)R x , -C(=0)OR x , -SR X , S0 2 R x , or R 4A and R 4B , 
taken together with the nitrogen atom to which they are attached form a moiety 
having the structure =CR x R y , wherein R 4A and R 4B are not simultaneously hydrogen 
and R x and R y are each independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkenyl, cycloalkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, 
heterocycloalkyl, heterocycloalkenyl, heterocycloalkynyl, heteroaliphatic, 
heteroalicyclic, aryl, heteroaryl, -C(=0)R A or-ZR A , wherein Z is -0-, -S-, -NR B , 
wherein each occurrence of R A and R B is independently hydrogen, or an alkyl, 
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, heteroalkyl, heteroalkenyl, 
heteroalkynyl, heterocycloalkyl, heterocycloalkenyl, heterocycloalkynyl, 
heteroaliphatic, heteroalicyclic, aryl or heteroaryl moiety; 
[0091] xxxiv) R4 is NH 2 ; 

[0092] xxxv) R4 together with the carbon atom to which it is attached forms 

) — 



N 



a moiety having the structure: \ , ^- R Y2 , V t \ or 

/ / HRV ' 

>=N 
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[0093] xxxvi) R4 together with the carbon atom to which it is attached forms 

a moiety having the structure: ^ ; 

[0094] xxxvii) R5 is hydrogen or an alkyl, heteroalkyl, cycloalkyl, 

heterocycloalkyl, aryl or heteroaryl moiety; 

[0095] xxxviii) R 5 is hydrogen or substituted or unsubstituted lower alkyl; 

[0096] xxxix) R 5 is methyl; 

[0097] xl) R6 is hydrogen, halogen, -CN, -S(0) l-2 R*\ -N0 2 , -COR 6A , - 

C0 2 R 6A , -NR 6A C(=0)R 6B , -NR 6A C(=0)OR 6B , -CONR 6A R 6B , an aliphatic, 

heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR 6A ; 
wherein W is independently -0-, -S- or -NR 1C -, wherein each occurrence of R 6A , R® 
and R is independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, 
heteroalicyclic, aryl or heteroaryl moiety; 

[0098] xli) R« is hydrogen, halogen, -CN, -S(0),. 2 R 6A , -N0 2 , -COR 6A , - 

C0 2 R 6A , -NR 6A C(=0)R 6B , -NR 6A C(=0)OR 6B , -CONR^R 68 , an alkyl, heteroalkyl, 

cycloalkyl, heterocycloalkyl, aryl or heteroaryl moiety, or -WR 6A ; wherein W is 
independently -0-, -S- or -NR IC -, wherein each occurrence of R 6A , R 68 and R 60 is 
independently hydrogen, or an alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl 
or heteroaryl moiety; 

[0099] xlii) R$ is is hydrogen or substituted or unsubstituted lower alkyl; 

[0100] xliii) Re is methyl; 

[0101] xxliv) R5 and R$ are each methyl; 

[0102] xlv) Ra is hydrogen, halogen, -CN, -S(0) lm2 R* l 9 -N0 2 , -COR a! , -C0 2 R al , - 

NR^CC^R 82 , -NR^CC^OR 82 , -CONR^R 82 , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR aI ; wherein W is 
independently -O-, -S- or -NR ,C -, wherein each occurrence of R ai , R 32 and R* 3 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; 

[0103] xlvi) Ra is hydrogen, halogen, -CN, -S(0) U2 R a \ -N0 2 , -COR al , -C0 2 R al , 
-NR Bl C(=0)R* -NR al C(-0)OR 82 , -CONR^R 82 , an alkyl, heteroalkyl, cycloalkyl, 
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heterocycloalkyl, aryl or heteroaryl moiety, or -WR ; wherein W is independently - 
0-, -S- or -NR 10 -, wherein each occurrence of R al , R 82 and R 83 is independently 
hydrogen, or an alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl 
moiety; 

[0104] xlvii) Ra is hydrogen or lower alkyl; 
[010SJ xlviii) Ra is hydrogen; 

[0106J xlix) Rb is hydrogen, halogen, -CN, -SCO)! JR." 1 , -N0 2 , -COR al , -C0 2 R al , 

.NR a, C(=0)R a2 , -NR^K^OR 82 , -CONR^R 82 , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR al ; wherein W is 
independently -O-, -S- or -NR 10 -, wherein each occurrence of R al , R 82 and R 83 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; , . 

[0107] 1) R b is hydrogen, halogen, -CN, -SCO^R* 1 , -N0 2 , -COR al , -C0 2 R 8 \ - : 

NR al C(=0)R a2 , -NR al C(=0)OR a2 , -CONR^R 82 , an alkyl, heteroalkyl, cycloalkyl, 
heterocycloalkyl, aryl or heteroaryl moiety, or -WR al ; wherein W is independently - 
, 0-, -S- or -NR 10 -, wherein each occurrence of R al , R 82 and R 83 is independently 
; hydrogen, or an alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl 
; moiety; 

[0108] li) Rb is hydrogen or lower alkyl; 

[0109] Hi) Rb is hydrogen; 

[01 10] liii) Ra and Rb are each hydrogen; 

[0111] liv) Ra and Rb, taken together with the carbon atoms to which they are 
attached, form a cycloalkyl, heterocycloalkyl, aryl or heteroaryl moiety; 
[0112] Iv) Ra and Rb, taken together with the carbon atoms to which they are 
attached, form an epoxide; 

[0113] lvi) Ra and Rb, taken together with the carbon atoms to which they are 
attached, form an aziridine; 

[0114] lvii) Ra and Rb, taken together with the carbon atoms to which they are 
attached, form a substituted or unsubstituted cyclopropyl; 



WO 2004/087672 



31 



[0115] Iviii) Rc is hydrogen, halogen, -CN, -SCCO^R 01 , -N0 2 , -COR cl , -C0 2 R CI , 
•NR^CC^R 02 , -NR c, C(=0)OR c2 , -CONR c, R c2 , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR cl ; wherein W is 
independently -0-, -S- or -NR 1C -, wherein each occurrence of R cl , R 02 and R 03 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; 

[0116] lix) Rc is hydrogen, halogen, -CN, -SCO^R 01 , -N0 2 , -COR cl , -C0 2 R cl , - 
NR^^OR 02 , -MR^C^OR 02 , -CONR^R 02 , an allcyl, heteroalkyl, cycloalkyl, 
heterocycloalkyl, aryl or heteroaryl moiety, or -WR cl ; wherein W is independently - 
0-, -S- or -NR ,c - ? wherein each occurrence of R cl , R a and R 03 is independently 
hydrogen, or an alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl 
moiety; 

[0117] lx) Rc is hydrogen or lower alkyl; 
[0118] Ixi) Rc is hydrogen; 

[0119] lxii) Rc and R$, taken together with the carbon atoms to which they are 

attached, form a cycloalkyl, heterocycloalkyl, aryl or heteroaryl moiety; 

[0120] Ixiii) Rc and R*, taken together with the carbon atoms to which they are 

attached with the carbon atoms to which they are attached, form an epoxide; 

[0121] Ixiv) Rc and R6, taken together with the carbon atoms to which they are 

attached, form an aziridine; 

[0122] lxv) Rc and R*, taken together with the carbon atoms to which they are 
attached, form a substituted or unsubstituted cyclopropyl; 

[0123] lxvi) X, is O, S, NR X1 or CR X1 R X2 ; wherein R X1 and R^ are 
independently hydrogen, halogen, substituted or unsubstituted alkyl, heteroalkyl, 
cycloalkyl, heterocycloalkyl, aryl or heteroaryl, or a nitrogen protecting group; 
[0124] lxvii) X! is O, NR X1 or CR XI R X2 ; wherein R X1 and R^ are independently 
hydrogen, halogen, substituted or unsubstituted alkyl, heteroalkyl, cycloalkyl, 
heterocycloalkyl, aryl or heteroaryl, or a nitrogen protecting group; 
[0125] lxviii) Xi is O; 
[0126] lxix) X { is NH; 
[0127] hoc) X! is CH 2 ; 
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[0128] lxxi) n is an integer from 1 to 5; 
[0129] Ixxii) n is 3; 

[0130] lxxiii) Q is hydrogen, halogen, -CN, -S(0),. 2 R Q1 , -N0 2 , -COR Q1 , - 
C0 2 R Q, 5 -NR Q, C(=0)R Q2 , -NR Q, C(=0)OR Q2 , -CONR Q, R Q2 , a substituted or 
unsubstituted alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl; or - 
WR Q1 ; wherein W is independently -0-, -S- or -NR Q3 -, wherein each occurrence of 
R QI , R Q2 and R Q3 is independently hydrogen, or an alkyl, heteroalkyl, cycloalkyl, 
heterocycloalkyl, aryl or heteroaryl moiety 

[0131] lxxiv) Q is a substituted or unsubstituted carbonyl-containing alkyl or 
heteroalkyl moiety; 

[0132] lxxv) Q comprises a carbonyl linked to a carbocyclic, heterocyclic, aryl 
or heteroaryl moiety through a Co^alkylidene or Co^alkenylidene chain wherein up 
to two non-adjacent methylene units are independently optionally replaced by CO, 
C0 2 , COCO, CONR zl , OCONR zl , NR ZI NR 22 , NR zl NR Z2 CO, NR zl CO, NR zl COi, 
NR Z1 C0NR Z2 , SO, S0 2 , NR Z1 S0 2 , S0 2 NR Z1 , NR ZI S0 2 NR Z2 , O, S, or NR Z1 ; 
wherein each occurrence of R Z1 and R 22 is independently hydrogen, alkyl, 

■ 

heteroalkyl, aryl, heteroaryl or acyl; 
[0133] lxxvi) Q has the structure: 




wherein R7 is a substituted or unsubstituted lower alkyl or heteroalkyl 
moiety; Rg is a substituted or unsubstituted alkyl, heteroalkyl, cycloalkyl, 
heterocycloalkyl, aryl or heteroaryl moiety; and Alk is a substituted or unsubstituted 
Co^alkylidene or Co^alkenylidene chain wherein up to two non-adjacent methylene 
units are independently optionally replaced by CO, C0 2 , COCO, CONR zl , 
OCONR zl , NR ZI NR Z2 5 NR zl NR Z2 CO, NR zl CO, NR Z1 C0 2 , NR zl CONR Z2 , SO, S0 2 , 
NR Z1 S0 2 , S0 2 NR zl , NR Z1 S0 2 NR Z2 , O, S, or NR ZI ; wherein each occurrence of R Z1 
and R is independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl;; 
[0134] Ixxvii) Q has the structure: 
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wherein R 7 is a substituted or unsubstituted, linear or branched, cyclic or 
acyclic lower alkyl moiety; R3 is a substituted or unsubstituted carbocyclic, 
heterocyclic, aryl or heteroaryl moiety; and Alk is a substituted or unsubstituted Co- 
6alkylidene or Co^allcenylidene chain wherein up to two non-adjacent methylene 
units are independently optionally replaced by CO, C0 2 , COCO, CONR 21 , 
0C0NR 21 , NR Z1 NR Z2 , NR^NR^CO, NR z, CO, NR 21 C02, NR Z1 C0NR Z2 , SO, S02, 
NR z, S0 2 , S0 2 NR Z1 , NR z, S0 2 NR Z2 , O, S, or NR 2 »; wherein each occurrence of R Z1 
and R is independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl; 
10135] lxxxviii) Q has the structure: 

O 

R7/, 



wherein R 7 is a substituted or unsubstituted, linear or branched, cyclic or 
acyclic lower alkyl moiety; Rg is a substituted or unsubstituted carbocyclic, 
heterocyclic, aryl or heteroaryl moiety; and X, Y and Z are independently a bond, - 
0-, -S-, -C(=0)-, -NR ZI -, -CH0R 21 , -CHNR^R 22 , C=S, C=N(R Y1 ) or -CH(Hal); or 
a substituted or unsubstituted Co^alkylidene or Co^alkenylidene chain wherein up to 
two non-adjacent methylene units are independently optionally replaced by CO, 
C0 2 , COCO, CONR 21 , OCONR 21 , NR^NR 22 , NR Z1 NR Z2 C0, NR 2, CO, NR 2, C0 2 , 
NR 2I CONR 22 , SO, S0 2 , NR 2, S02, SOzNR 21 , NR 2l S0 2 NR 22 , O, S, or NR Z1 ; 
wherein Hal is a halogen selected from F, CI, Br and I; and each occurrence of R 21 
and R is independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl; or R 21 

Z2 

and R , taken together with the nitrogen atom to which they are attached, for a 
heterocyclic or heteroaryl moiety; 
[0136] lxxix) Q has the structure: 

O 




7 
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wherein R7 is a substituted or unsubstituted, linear or branched, cyclic or 
acyclic lower alkyl moiety; R§ is a substituted or unsubstituted carbocyclic, 

71 

heterocyclic, aryl or heteroaryl moiety; and Y is a bond, -0-, -S-, -C(=0)-, -NR - 
CH0R Z1 , -CHNR^R 22 , C=S, C=N(R Yl ) or -CH(Hal); or a substituted or 
unsubstituted Co^alkylidene or Co^alkenylidene chain wherein up to two non- 

■ 

adjacent methylene units are independently optionally replaced by CO, CO2, COCO, 
CONR 21 , OCONR 21 , NR^NR 22 , NR zl NR Z2 CO, NR zl CO, NR z, C0 2 , NR zl CONR Z2 , 

■ 

SO, S0 2 , NR Z1 S0 2 , S0 2 NR Z1 , NR Z1 S0 2 NR Z2 , O, S, or NR Z1 ; wherein Hal is a 

71 70 

halogen selected from F, CI, Br and I; and each occurrence of R and R is 
independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl; or R zl and R 22 , 
taken together with the nitrogen atom to which they are attached, for a heterocyclic 
or heteroaryl moiety; 
[0137] lxxx) Q has the structure: 




wherein R7 is a substituted or unsubstituted, linear or branched, cyclic or 
acyclic lower alkyl moiety; R$ is a substituted or unsubstituted carbocyclic, 
heterocyclic, aryl or heteroaryl moiety; and R Y is hydrogen, halogen, -OR Y1 or - 
NR Y1 NR Y2 ; wherein R Y1 and R^ are independently hydrogen, alkyl, heteroalkyl, 
aryl, heteroaryl or acyl, or R Yl and R^, taken together with the nitrogen atom to 
which they are attached, for a heterocyclic or heteroaryl moiety; 
[0138] lxxxi) Q is hydrogen; 

[0139] lxxxii) compounds of subsets lxxvi)-lxxx) wherein R 7 is substituted or 
unsubstituted lower alkyl; 

[0140] lxxxiii) compounds of subsets lxxvi)-lxxx) wherein R 7 is methyl; 
[0141] lxxxiv) compounds of subset lxxx) wherein R Y is hydrogen; 
[0142] lxxxv) compounds of subset lxxx) wherein R Y is a halogen selected from 
fluorine, chlorine, bromine, and iodine; 

[0143] lxxxvi) compounds of subset lxxx) wherein R is fluorine; 
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[0144] lxxxvii) compounds of subset Ixxx) wherein R Y is OR Yl , wherein R Yl is 
hydrogen, a substituted or unsubstituted lower alkyl; a prodrug moiety or an oxygen 
protecting group; 

[014S] lxxxviii) compounds of subset Ixxx) wherein R is OH; 

[0146] Ixxxix) compounds of subset lxxx) wherein R Y is MR Y1 R Y2 ; wherein R Y1 

and R are independently hydrogen, a substituted or unsubstituted lower alkyl; a 

prodrug moiety or a nitrogen protecting group; or R Yl and R^, taken together with 

the nitrogen atom to which they are attached, form a heterocyclic or heteroaryl 

moiety; 

[0147] xc) compounds of subset lxxx) wherein R Y is NH 2 ; 

[0148] xci) compounds of subsets lxxvi)-lxxx) wherein R« is one of: 

( r8A )p ( r8A )p , n—b jr** 



0 ^% xr^ ,p 




jr^vf\ !^lf (ReA) ' 'i-ll' <R8A)p 



R 88 




>r^-v <£ST 

^ R 8B 

^O** y-O^ 

wherein p is an integer from 0 to 5; q is 1 or 2, r is an integer from 1 to 6; 
each occurrence of R 8A is independently hydrogen, alkyl, heteroalkyl, aryl, 
heteroaryl, -(alkyl)aryl or -(alkyl)heteroaryl, -OR 8C , -SR 8C , -N(R 8C >2, -S0 2 N(R 8C )2, - 
(C=0)N(R 8C ) 2 , halogen, -CN, -N0 2 , -(C=0)OR 8C , -N(R 8C )(C=0)R 8D , wherein each 
occcurrence of R 8C and R 8D is independently hydrogen, lower alkyl, lower 
heteroalkyl, aryl, heteroaryl, -(alkyl)aryl or -(alkyl)heteroaryl; and each occurrence 
of R 8B is independently hydrogen or lower alkyl; 



t 
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[0149] xcii) compounds of subsets lxxvi)-lxxx) wherein R$ is substituted or 
unsubstituted cycloalkyl; 

[0150] xciii) compounds of subsets lxxvi)-lxxx) wherein R$ is substituted or 
unsubstituted cyclohexyl; 

[0151] xciv) compounds of subsets lxxvi)-lxxx) wherein R« has the structure: 



wherein R 8B is hydrogen or lower alkyl; 
[0152] xcv) compounds of subsets lxxvi)-lxxx) wherein Rg has the structure: 



wherein R 8B is hydrogen or methyl; 
[0153] xcvi) compounds of subsets lxxvi)-lxxx) wherein R« has the structure: 



[0154] xcvii) Xi is O, CH 2 or NH; Q is as described in subsets lxxvi)-lxxx) 
wherein Rg has the structure: 

O 



o 

9 

[0155] xcviii) Yi is OR Y1 and Y 2 is lower alkyl; herein R Y1 is hydrogen or 
lower alkyl; 

[0156] xcix) Yi is OR YI and Y 2 is lower alkyl substituted with one or more 
halogen atoms selected from F, CI, Br and I; wherein R Y1 is hydrogen or lower 
alkyl; 

[0157] c) Yi is OH and Y 2 is CF 3 ; 
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[0158] ci) Xi is CH 2 ; Yi is OR Y1 and Y 2 is lower alkyl; wherein R Y1 is hydrogen 
or lower alkyl; 

[0159] cii) Xi is CH 2 ; Y x is OR Y1 and Y 2 is lower alkyl substituted with one or 
more halogen atoms selected from F, CI, Br and I: wherein R Y1 is hydrogen or lower 
alkyl; 

[0160] ciii) X, is CH 2 ; Yi is OH and Y 2 is CF 3 ; 

[0161] civ) Yi and Y 2 together with the carbon atom to which they are attached 
form a moiety having the structure: \ ; 

[0162] cv) Yi and Y 2 together with the carbon atom to which they are attached 

fonn a moiety having the structure: % R Y2 ; wherein R Y1 and R 72 are 
independently hydrogen or lower alkyl; 

* 

[0163] cvi) Yi and Y 2 together with the carbon atom to which they are attached 

RY1 

form a moiety having the structure: "V ; wherein R Yl is hydrogen or lower 

alkyl; 

[0164] cvii) Yi and Y 2 together with the carbon atom to which they are attached 

< / ORY1 

>=N 

form a moiety having the structure: \ ; wherein R Y1 is hydrogen or lower 

alkyl; 

[0165] cviii) Yi and Y2 together with the carbon atom to which they are attached 

j NHR Y1 
)=N 

form a moiety having the structure: "N, ; wherein R Y1 is hydrogen or 

lower alkyl; 

[0166] cix) Xi is O; and Yi and Y2 together with the carbon atom to which they 
are attached form a moiety having the structure: X ; 
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[0167] cx) Xi is NH; and Y| and Y 2 together with the carbon atom to which they 
are attached form a moiety having the structure: ^ ; 

[0168] cxi) Xi is CH2; and Yi and Y2 together with the carbon atom to which 

1/=° 

they are attached form a moiety having the structure: n- ; 

[0169] cxii) Xi is CH2; and Yi and Y2 together with the carbon atom to which 

<_ 

/ N 

they are attached form a moiety having the structure: \ ; wherein R Y1 is 

hydrogen or lower alkyl; 

[0170] cxiii) Xi is CH2; and Yi and Y2 together with the carbon atom to which 

NHR Y1 

they are attached form a moiety having the structure: X ; wherein R Y1 is 

hydrogen or lower alkyl; 

[0171] cxiv) compounds as described in classes and subclasses herein wherein 

V 1 ' V 

the stereocenter 0R3 has the following stereochemistry or 3 ; and/or 

[0172] cxv) compounds as described in classes and subclasses herein wherein 

the stereocenter 0R3 has the following stereochemistry 6r 3 . 
[0173] It will be appreciated that for each of the classes and subclasses described 
above and herein, any one or more occurrences of groups such as aliphatic, 
heteroaliphatic, alkyl, heteroalkyl may independently be substituted or 
unsubstituted, linear or branched, saturated or unsaturated; and any one or more 
occurrences of alicyclic, heterocyclic, cycloalkyl, aryl, heteroaryl, cycloaliphatic, 
cycloheteroaliphatic may be substituted or unsubstituted. 

[0174] The reader will also appreciate that all possible combinations of the 
variables described in i)- through cxv) above (e.g., Ri-R*, Ra-c, n, Q, Xi, Yi and Y2, 
among others) are considered part of the invention. Thus, the invention 
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encompasses any and all compounds of formula I, and subclasses thereof, generated 
by taking any possible permutation of variables Ri-R$, R^, n, Q, Xi, Yi and Y 2 , and 
other variables/substituents (e.g., X, Y, Z, R Y , etc.) as further defined for R r R<>, R^, 
n, Q, Xi, Y\ and Y2, described in i)- through cxv) above. 

[0175] As the reader will appreciate, compounds of particular interest include, 
among others, those which share the attributes of one or more of the foregoing 
subclasses. Some of those subclasses are illustrated by the following sorts of 
compounds: 

[0176] I) Compounds of the formula (and pharmaceutical!)? acceptable 
derivatives thereof): 




wherein R3-R6, n and Q are as defined in classes and subclasses herein: and 
Y 2 and R Y1 are independently hydrogen or lower alkyl. In certain embodiments, R 3 
is hydrogen, lower alkyl or an oxygen protecting group. In certain exemplary 
embodiments, R 3 is methyl. In certain other embodiments, R 5 and R6 are 
independently lower alkyl. In certain exemplary embodiments, R 5 and R6 are each 
methyl. In certain embodiments, n is 3. In certain embodiments, R4 is halogen, 
hydroxyl, lower alkoxy, acyloxy or NR 4A R 4B , wherein R 4A and R 4B are 
independently hydrogen, lower alkyl, aryl, acyl or a nitrogen protecting group, or 
R 4A and R 4B , taken together with the nitrogen atom to which they are attached, form 
a substituted or unsusbstituted heterocyclic or heteroaryl moiety; or R4, taken 
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together with the carbon atom to which it is attached forms a moiety having the 

structure: X . In certain embodiments, R4 is a halogen selected from fluorine, 
chlorine, bromine and iodine. In certain exemplary embodiments, R4 is fluorine. In 
certain other embodiments, R4 is F, OH, OAc, NH 2 or R4, taken together with the 

,>=0 

carbon atom to which it is attached forms a moiety having the structure: X . In 
certain exemplary embodiments, Q is hydrogen or a carbonyl-containing moiety. In 
certain exemplary embodiments, Q is hydrogen. In certain exemplary embodiments, 
Y2 is hydrogen or lower alkyl substituted with one or more halogen atoms selected 
from F, CI, Br and I. In certain exemplary embodiments, Y2 is hydrogen or methyl 
substituted with one or more halogen atoms selected from F, CI, Br and I. In certain 
exemplary embodiments, Y2 is hydrogen or CF3. In certain exemplary 

* 

embodiments, R Y1 is hydroxyl or lower alkoxy. In certain exemplary embodiments, 
R Y1 is hydroxyl or methoxy. In certain exemplary embodiments, Y2 is CF3 and R Y1 
is methoxy. 

[0177] II) Compounds of the formula (and pharmaceutically acceptable 



derivatives thereof); 

O Q 





or 




wherein R3-R$ and Q are as defined in classes and subclasses herein; 



and Y2 and R Y1 are independently hydrogen or lower alkyl. in certain embodiments, 
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R3 is hydrogen, lower alkyl or an oxygen protecting group. In certain exemplary 
embodiments, R3 is methyl. In certain other embodiments, R5 and R$ are 
independently lower alkyl. In certain exemplary embodiments, R 5 and Rs are each 
methyl. In certain embodiments, R4 is halogen, hydroxy!, lower alkoxy, acyloxy or 
NR 4A R 4B , wherein R 4A and R 4B are independently hydrogen, lower alkyl, aryl, acyl 
or a nitrogen protecting group, or R 4A and R 4B , talcen together with the nitrogen atom 
to which they are attached, form a substituted or unsusbstituted heterocyclic or 
heteroaryl moiety; or R4, taken together with the carbon atom to which it is attached 

forms a moiety having the structure: X . In certain embodiments, R4 is a 
halogen selected from fluorine, chlorine, bromine and iodine. In certain exemplary 
embodiments, R4 is fluorine. In-certain other embodiments, R4 is F, OH, OAc, NH 2 
or R4, taken together with the carbon atom to which it is attached forms a moiety 

% >=o 

having the structure: X . In certain exemplary embodiments, Q is hydrogen or a 
carbonyl-containing moiety. In certain exemplary embodiments, Q is hydrogen. In 
certain exemplary embodiments, Y2 is hydrogen or lower alkyl substituted with one 
or more halogen atoms selected from F, CI, Br and I. In certain exemplary 
embodiments, Y 2 is hydrogen or methyl substituted with one or more halogen atoms 
selected from F, CI, Br and I. In certain exemplary embodiments, Y2 is hydrogen or 
CF3. In certain exemplary embodiments, R Y1 is hydroxyl or lower alkoxy. In 
certain exemplary embodiments, R Yl is hydroxyl or methoxy. In certain exemplary 
embodiments, Y2 is CF3 and R Y1 is methoxy. 

[0178] In certain other embodiments, for compounds of classes I)-H) above, Q is 
a substituted or unsubstituted carbonyl-containing alkyl or heteroalkyl moiety. In 
certain exemplary embodiments, Q comprises a carbonyl linked to a carbocyclic, 
heterocyclic, aryl or heteroaryl moiety through a Co^alkylidene or Co^alkenylidene 
moiety. In certain embodiments, Q has the structure: 
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wherein R7 is a substituted or unsubstituted, linear or branched, cyclic or 
acyclic lower alkyl moiety; R$ is a substituted or unsubstituted carbocyclic, 
heterocyclic, aryl or heteroaryl moiety; and Alk is a substituted or unsubstituted Co- 
6alkylidene or Co^alkenylidene chain wherein up to two non-adjacent methylene 
units are independently optionally replaced by CO, CO2, COCO, CONR zl , 
OCONR zl , NR Z1 NR 22 , NR zl NR Z2 CO, NR z, CO, NR z, C0 2 , NR Z1 C0NR Z2 , SO, S0 2 , 
NR Z1 S0 2 , S0 2 NR Z1 , NR Z1 S0 2 NR Z2 , O, S, or NR Z1 ; wherein each occurrence of R ZI 
and R is independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl; and 
R« is a substituted or unsubstituted alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, 

» 

aryl or heteroaryl moiety. In certain embodiments, R7 is lower alkyl. In certain other 
embodiments, Alk is a C3 alkylidene moiety. In yet other embodiments, Rg is one 
of: 

(R ) D (R )p . r . — r\ /d8Ai 



,p ,p dT$s (R^Jp 

tOS Un 




•hOr^ ^<*% ^ (R8A,P H3 

N 5 X../ 0 



(R )l 



H 



8A _ /r8 a, |_r-V/(R 8A ) P fT^(R*% 

O ^ s H R 8B 



8B 




p 



[0179] wherein p is an integer from 0 to 5; q is 1 or 2, r is an integer from 1 to 6; 
each occurrence of R 8A is independently hydrogen, alkyl, heteroalkyl, aryl, 
heteroaryl, -(alkyl)aryl or -(alkyl)heteroaryl, -OR 8C , -SR 8C , -N(R 8C ) 2 , -S0 2 N(R 8C ) 2 , - 
(C=0)N(R 8C ) 2 , halogen, -CN, -NCfe, -(O0)0R 8C , -N(R 8C )(O0)R 8D , wherein each 



• * 
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occcurrence of R 8C and R 8D is independently hydrogen, lower alkyl, lower 
heteroalkyl, aryl, heteroaryl, -(alkyl)aryl or -(alkyl)heteroaryl; and each occurrence 
of R is independently hydrogen or lower alkyl. In certain exemplary 
embodiments, R$ has the structure: 



9 

wherein R 8B is hydrogen or lower alkyl. In certain exemplary 
embodiments, R 8B is hydrogen. In certain exemplary embodiments, Q has the 
following stereochemistry: 



o 

A 



R 7////,. /Rfl 

"Alk 



[01801 ni) Compounds of the formula (and pharmaceutically 
acceptable derivatives thereof): 
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wherein Ra-R* and n are as defined in classes and subclasses herein; Y2 and 
R Y1 are independently hydrogen or lower alkyl; R 7 is a substituted or unsubstituted, 
linear or branched, cyclic or acyclic lower alkyl moiety; R 8B is hydrogen or lower 
alkyl; and X, Y and Z are independently a bond, -0-, -S-, -C(=0)-, -NR ZI -, - 
CHOR 21 , -CHNR^R 22 , C=S, C=N(R Y1 ) or -CH(Hal); or a substituted or 
unsubstituted Co^alkylidene or Co^alkenylidene chain wherein up to two non- 
adjacent methylene units are independently optionally replaced by CO, C0 2 , COCO, 
CONR 21 , OCONR 21 , NR Z1 NR Z2 , NR^NR^CO, NR zl CO, NR Z1 C0 2 , NR zl CONR Z2 , 
SO, S0 2 , NR ZI S02, S0 2 NR Z1 , NR Z1 S0 2 NR Z2 , O, S, or NR Z1 ; wherein Hal is a 
halogen selected from F, CI, Br and I; and each occurrence of R Z1 and R 22 is 
independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl; or R Z1 and R 22 , 
taken together with the nitrogen atom to which they are attached, for a heterocyclic 
or heteroaryl moiety; and pharmaceutically acceptable derivatives thereof. In certain 
embodiments, R 3 is hydrogen, lower alkyl or an oxygen protecting group. In certain 
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exemplary embodiments, R 3 is methyl. In certain other embodiments, R 5 and are 
independently lower alkyl. In certain exemplary embodiments, R 5 and R* are each 
methyl. In certain embodiments, n is 3. In certain embodiments, R4 is halogen, 
hydroxyl, lower alkoxy, acyloxy or NR 4A R 4B , wherein R 4A and R 4B are 
independently hydrogen, lower alkyl, aryl, acyl or a nitrogen protecting group, or 
R 4A and R 4B , taken together with the nitrogen atom to which they are attached, form 
a substituted or unsusbstituted heterocyclic or heteroaryl moiety; or R4, taken 
together with the carbon atom to which it is attached forms a moiety having the 

structure: X . In certain embodiments, R4 is a halogen selected from fluorine, 
chlorine, bromine and iodine. In certain exemplary embodiments, R4 is fluorine. In 
certain other embodiments, R4 is F, OH, OAc, NH 2 or R4, taken together with the 

carbon atom to which it is attached forms a moiety having the structure: . In 

certain other embodiments, R 7 is methyl. In certain other embodiments, X and Z are 
each CH 2 and Y is -CHOH, -CHNH 2 or -CHF. In certain other embodiments, R 8B 
is hydrogen, methyl or ethyl. In certain exemplary embodiments, Y 2 is hydrogen or 
lower alkyl substituted with one or more halogen atoms selected from F, CI, Br and 
I. In certain exemplary embodiments, Y 2 is hydrogen or methyl substituted with one 
or more halogen atoms selected from F, CI, Br and I. In certain exemplary 
embodiments, Y 2 is hydrogen or CF 3 . In certain exemplary embodiments, R Y1 is 
hydroxyl or lower alkoxy. In certain exemplary embodiments, R Y1 is hydroxyl or 
methoxy. In certain exemplary embodiments, Y 2 is CF 3 and R Y1 is methoxy. 
[0181J IV) Compounds of the formula (and pharmaceuiically acceptable 
derivatives thereof): 
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OR 3 



wherein R 3 -R* are as defined in classes and subclasses herein; Y 2 and R Y1 are 
independently hydrogen or lower alkyl; R 7 is a substituted or unsubstituted, linear or 
branched, cyclic or acyclic lower alkyl moiety; R 8B is hydrogen or lower alkyl; and 
X, Y and Z are independently a bond, -0-, -S-, -C(=0)-, -NR Z1 -, -CHOR 21 , - 
CHNR^R 22 , C=S, C=N(R Y1 ) or -CH(Hal); or a substituted or unsubstituted Co- 
6alkylidene or Q^alkenylidene chain wherein up to two non-adjacent methylene 
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units are independently optionally replaced by CO, C0 2 , COCO, CONR 21 , 
0C0NR 21 , NR^NR 22 , NR^NR^CO, NR Z1 C0, NR ZI C0 2> NR Z1 C0NR 22 , SO, S0 2 , 
NR ZI S0 2 , S0 2 NR Z1 , NR ZI S0 2 NR Z2 , O, S, or NR Z1 ; wherein Hal is a halogen 
selected from F, CI, Br and I; and each occurrence of R Z1 and R 22 is independently 
hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl; or R Z1 and R 22 , taken together 
with the nitrogen atom to which they are attached, for a heterocyclic or heteroaryl 
moiety; and pharmaceutical^ acceptable derivatives thereof.. In certain 
embodiments, R 3 is hydrogen, lower alkyl or an oxygen protecting group. In certain 
exemplary embodiments, R 3 is methyl. In certain other embodiments, R 5 and R$ are 
independently lower alkyl. In certain exemplary embodiments, R 5 and R* are each 
methyl. In certain embodiments, R4 is halogen, hydroxyl, lower alkoxy, acyloxy or 
NR 4A R 4B , wherein R 4A and R 4B are independently hydrogen, lower alkyl, aryl, acyl 
or a nitrogen protecting group, or R 4A and R 4B , taken together with the nitrogen atom 
to which they are attached, form a substituted or unsusbstituted heterocyclic or 
heteroaryl moiety; or R4, taken together with the carbon atom to which it is attached 

^=0 

forms a moiety having the structure: X . In certain embodiments, R4 is a 
halogen selected from fluorine, chlorine, bromine and iodine. In certain exemplary 
embodiments, R4 is fluorine. In certain other embodiments, R4 is F, OH, OAc, NH 2 
or R4, taken together with the carbon atom to which it is attached forms a moiety 

^)=o 

having the structure: X . In certain other embodiments, R 7 is methyl. In certain 
other embodiments, X and Z are each CH 2 and Y is -CHOH, -CHNH 2 or -CHF. In 
certain other embodiments, R 8B is hydrogen, methyl or ethyl. In certain exemplary 
embodiments, Y 2 is hydrogen or lower alkyl substituted with one or more halogen 
atoms selected from F, CI, Br and I. In certain exemplary embodiments, Y 2 is 
hydrogen or methyl substituted with one or more halogen atoms selected from F, CI, 
Br and I. In certain exemplary embodiments, Y 2 is hydrogen or CF 3 . In certain 
exemplary embodiments, R Y1 is hydroxyl or lower alkoxy. In certain exemplary 
embodiments, R Yl is hydroxyl or methoxy. In certain exemplary embodiments, Y 2 
is CF 3 and R Y1 is methoxy. 
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[0182] In certain embodiments, for compounds of classes UI-IV above, -X-Y-Z 
together represents the moiety -CH 2 -Y-CH 2 -; wherein Y is -CHOR Y1 , - 
CHNR Y1 R Y2 , C=0, C=S, C=N(R Y1 ) or -CH(Hal); wherein Hal is a halogen selected 
from F, CI, Br and I; and R Y1 and R^~ are independently hydrogen, alkyl, 
heteroalkyl, aryl, heteroaryl or acyl, or R Y1 and R* 2 , taken together with the nitrogen 
atom to which they are attached, for a heterocyclic or heteroaryl moiety. 
[0183] V) Compounds of the formula (and pkarmaceutically acceptable 
derivatives thereof): 

o 




OR 3 



WO 2004/087672 PCT/US2004/009380 

49 




or 





wherein R3-R6 and n are as defined in classes and subclasses herein; Y 2 and 
R are independently hydrogen or lower alkyl; R 7 is a substituted or unsubstituted, 
linear or branched, cyclic or acyclic lower alkyl moiety; R 8B is hydrogen or lower 
alkyl; and Y is -CHOR Y1 , -CHNR Y1 R Y2 , C=0, C=S, C=N(R Y1 ) or -CH(Hal); 
herein Hal is a halogen selected from F, CI, Br and I; and R Y1 and R^ are 
independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl, or R Y1 and R* 2 , 
taken together with the nitrogen atom to which they are attached, for a heterocyclic 
or heteroaryl moiety. In certain embodiments, R 3 is hydrogen, lower alkyl or an 
oxygen protecting group. In certain exemplary embodiments, R3 is methyl. In 
certain other embodiments, R 5 and R$ are independently lower alkyl. In certain 
exemplary embodiments, R 5 and R$ are each methyl. In certain embodiments, n is 3. 
In certain embodiments, R4 is halogen, hydroxyl, lower alkoxy, acyloxy or 
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NR 4A R 4B , wherein R 4A and R 4B are independently hydrogen, lower alkyl, aryl, acyl 
or a nitrogen protecting group, or R 4A and R 4B , taken together with the nitrogen atom 
to which they are attached, form a substituted or unsusbstituted heterocyclic or 
heteroaryl moiety; or R4, taken together with the carbon atom to which it is attached 

.>=o 

forms a moiety having the structure: X . In certain embodiments, R4 is a 
halogen selected from fluorine, chlorine, bromine and iodine. In certain exemplary 
embodiments, R4 is fluorine. In certain other embodiments, R4 is F, OH, OAc, NH2 
or R4, taken together with the carbon atom to which it is attached forms a moiety 

having the structure: X . In certain other embodiments, R7 is methyl. In certain 
other embodiments, Y is -CHOH, -CHNH 2 or -CHF. In certain other embodiments, 
R 8B is hydrogen, methyl or ethyl. In certain exemplary embodiments, Y2 is 
hydrogen or lower alkyl substituted with one or more halogen atoms selected from 
F, CI, Br and I. In certain exemplary embodiments, Y2 is hydrogen or methyl 
substituted with one or more halogen atoms selected from F, CI, Br and L In certain 
exemplary embodiments, Y2 is hydrogen or CF3. In certain exemplary 
embodiments, R is hydroxyl or lower alkoxy. In certain exemplary embodiments, 
R Y1 is hydroxyl or methoxy. In certain exemplary embodiments, Y2 is CF 3 and R Y1 
is methoxy. 

[0184] M) Compounds of the formula (and pharniaceutically acceptable 
derivatives thereof): 
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or 




wherein R3-R6 are as defined in classes and subclasses herein; Y2 and R Y1 are 
independently hydrogen or lower alkyl; R 7 is a substituted or unsubstituted, linear or 
branched, cyclic or acyclic lower alkyl moiety; R 8B is hydrogen or lower alkyl; and 
Y is -CHOR Y1 , -CHNR Y1 R Y2 , OO, OS, C=N(R Y1 ) or -CH(Hal); wherein Hal is a 
halogen selected from F, CI, Br and I; and R Y1 and RP are independently hydrogen, 
alkyl, heteroalkyl, aryl, heteroaryl or acyl, or R Y1 and R^, taken together with the 
nitrogen atom to which they are attached, for a heterocyclic or heteroaryl moiety. 
In certain embodiments, R3 is hydrogen, lower alkyl or an oxygen protecting group. 
In certain exemplary embodiments, R3 is methyl. In certain other embodiments, R5 
and R* are independently lower alkyl. In certain exemplary embodiments, R 5 and R$ 

« 

are each methyl. In certain embodiments, R4 is halogen, hydroxyl, lower alkoxy, 
acyloxy or NR 4A R 4B , wherein R 4A and R 4B are independently hydrogen, lower alkyl, 
aryl, acyl or a nitrogen protecting group, or R 4A and R 4B , taken together with the 
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nitrogen atom to which they are attached, form a substituted or unsusbstituted 
heterocyclic or heteroaryl moiety; or R4, taken together with the carbon atom to 



embodiments, R4 is a halogen selected from fluorine, chlorine, bromine and iodine. 
In certain exemplary embodiments, R4 is fluorine. In certain other embodiments, R4 
is F, OH, OAc, NH2 or R*, taken together with the carbon atom to which it is 



R7 is methyl. In certain other embodiments, Y is -CHOH, -CHNH2 or -CHF. In 
certain other embodiments, R 8B is hydrogen, methyl or ethyl. In certain exemplary 
embodiments, Y2 is hydrogen or lower alkyl substituted with one or more halogen 
atoms selected from F, CI, Br and I. In certain exemplary embodiments, Y2 is 
hydrogen or methyl substituted with one or more halogen atoms selected from F, CI, 
Br and I. In certain exemplary embodiments, Y2 is hydrogen or CF3. In certain 
exemplary embodiments, R Y1 is hydroxyl or lower alkoxy. In certain exemplary 
embodiments, R Y1 is hydroxyl or methoxy. In certain exemplary embodiments, Y2 
is CF3 and R Y1 is methoxy. 

[0185] VII) Compounds of the formula (and pharmaceutically 
acceptable derivatives thereof): 



which it is attached 





attached forms a moiety having the structure: 
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R Y1 Q Y 



OR, 



or 




wherein n, R3 and R4 are as defined in classes and subclasses herein; Y2 and 
R are independently hydrogen or lower alkyl; R is hydrogen or lower alkyl; and 
R Y is hydrogen, halogen, -OR YI or -NR Y1 NR Y2 ; wherein R YI and R^ are 
independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl, or R Yl and R* 2 , 
taken together with the nitrogen atom to which they are attached, for a heterocyclic 
or heteroaryl moiety. In certain embodiments, R3 is hydrogen, lower alkyl or an 
oxygen protecting group. In certain exemplary embodiments, R3 is methyl. In 
certain embodiments, n is 3. In certain embodiments, R4 is halogen, hydroxyl, lower 
alkoxy, acyloxy or NR 4A R 4B , wherein R 4A and R 4B are independently hydrogen, 
lower alkyl, aryl, acyl or a nitrogen protecting group, or R 4A and R 4B , taken together 
with the nitrogen atom to which they are attached, form a substituted or 
unsusbstituted heterocyclic or heteroaryl moiety; or R4, taken together with the 

<_ 

carbon atom to which it is attached forms a moiety having the structure: X . In 



J 
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certain embodiments, R4 is a halogen selected from fluorine, chlorine, bromine and 
iodine. In certain exemplary embodiments, R4 is fluorine. In certain other 
embodiments, R4 is F, OH, OAc, NH2 or R4, taken together with the carbon atom to 

,>=o 

which it is attached forms a moiety having the structure: X . In certain other 
embodiments, R Y is OH, NH2 or halogen (e.g., F). In certain other embodiments, 

on 

R is hydrogen, methyl or ethyl. In certain exemplary embodiments, Y2 is 
hydrogen or lower alkyl substituted with one or more halogen atoms selected from 
F, CI, Br and I. In certain exemplary embodiments, Y2 is hydrogen or methyl 
substituted with one or more halogen atoms selected from F, CI, Br and I. In certain 
exemplary embodiments, Y2 is hydrogen or CF3. In certain exemplary 
embodiments, R is hydrpxyl or lower alkoxy. In certain exemplary embodiments, 
R Y1 is hydroxyi or methoxy. In certain exemplary embodiments, Y2 is CF3 and R Y1 
is methoxy. 

[0186] VW) Compounds of the formula (and pharmaceutical^ 
acceptable derivatives thereof): 
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or 



O 



R 8B 




wherein R3 and R4 are as defined in classes and subclasses herein; Y 2 and 
R Y1 are independently hydrogen or lower alkyl; R is hydrogen or lower alkyl; and 
R Y is hydrogen, halogen, -OR YI or -NR Y1 NR Y2 ; wherein R Y1 and R^ are 
independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl, or R and R , 
taken together with the nitrogen atom to which they are attached, for a heterocyclic 
or heteroaryl moiety. In certain embodiments, R3 is hydrogen, lower alkyl or an 
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oxygen protecting group. In certain exemplary embodiments, R 3 is methyl In 
certain embodiments, R4 is halogen, hydroxyl, lower alkoxy, acyloxy or NR 4A R 4B 
wherein R 4A and R 4B are independently hydrogen, lower alkyl, aryl, acyl or a 
nitrogen protecting group, or R 4A and R 4B , taken together with the nitrogen atom to 
which they are attached, form a substituted or unsusbstituted heterocyclic or 
heteroaryl moiety; or R4, taken together with the carbon atom to which it is attached 

< 

,>=0 

forms a moiety having the structure: V . In certain embodiments, R4 is a 
halogen selected from fluorine, chlorine, bromine and iodine. In certain exemplary 
embodiments, R4 is fluorine. In certain other embodiments, R4 is F, OH, OAc, NH 2 
or R4, taken together with the carbon atom to which it is attached fonns a moiety 

having the structure: X . In certain other embodiments, R Y is OH, NH 2 or 
halogen (e.g., F). In certain other embodiments, R 8B is hydrogen, methyl or ethyl. 
In certain exemplary embodiments, Y 2 is hydrogen or lower alkyl substituted with 
one or more halogen atoms selected from F, CI, Br and I. In certain exemplary 
embodiments, Y 2 is hydrogen or methyl substituted with one or more halogen atoms 
selected from F, CI, Br and I. In certain exemplary embodiments, Y 2 is hydrogen or 
CF3. In certain exemplary embodiments, R Y1 is hydroxyl or lower alkoxy. In 
certain exemplary embodiments, R Y1 is hydroxyl or methoxy. In certain exemplary 
embodiments, Y 2 is CF 3 and R Yl is methoxy. 

[0187] EK) Compounds of the formula (and pharmaceutically acceptable 
derivatives thereof): 
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R Y1 q y 2 





or 3 or OR 3 ; 

wherein R3-R6 and n are as defined in classes and subclasses herein; Y2 and 



R Y1 are independently hydrogen or lower alkyl; R 7 is a substituted or unsubstituted, 
linear or branched, cyclic or acyclic lower alkyl moiety; and R 8B is hydrogen or 
lower alkyl. In certain embodiments, R3 is hydrogen, lower alkyl or an oxygen 
protecting group. In certain exemplary embodiments, R3 is methyl. In certain other 
embodiments, R5 and R$ are independently lower alkyl. In certain exemplary 
embodiments, R5 and R$ are each methyl. In certain embodiments, n is 3. In certain 
embodiments, R4 is halogen, hydroxyl, lower alkoxy, acyloxy or NR 4A R 4B , wherein 
R 4A and R 4B are independently hydrogen, lower alkyl, aryl, acyl or a nitrogen 
protecting group, or R 4A and R 4B , taken together with the nitrogen atom to which 
they are attached, form a substituted or unsusbstituted heterocyclic or heteroaryl 
moiety; or R4, taken together with the carbon atom to which it is attached forms a 

K 

moiety having the structure: . In certain embodiments, R4 is a halogen 
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selected from fluorine, chlorine, bromine and iodine. In certain exemplary 
embodiments, R4 is fluorine. In certain other embodiments, R4 is F, OH, OAc, NH 2 
or R4, taken together with the carbon atom to which it is attached forms a moiety 



having the structure: \ . In certain other embodiments, R 7 is methyl. In certain 
other embodiments, R 3B is hydrogen, methyl or ethyl. In certain exemplary 
embodiments, Y 2 is hydrogen or lower alkyl substituted with one or more halogen 
atoms selected from F, CI, Br and I. In certain exemplary embodiments, Y 2 is 
hydrogen or methyl substituted with one or more halogen atoms selected from F, CI, 
Br and I. In certain exemplary embodiments, Y 2 is hydrogen or CF 3 . In certain 
exemplary embodiments, R Y1 is hydroxyl or lower alkoxy. In certain exemplary 
embodiments, R YI is hydroxyl or methoxy. In certain exemplary embodiments, Y 2 
is CF 3 and R Y1 is methoxy. 

[0188] X) Compounds of the formula (and pharmaceutical^ acceptable 
derivatives thereof): 
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OR 3 

o 




wherein R3-R6 are as defined in classes and subclasses herein; Y2 and R Yi are 
independently hydrogen or lower alkyl; R 7 is a substituted or unsubstituted, linear or 
branched, cyclic or acyclic lower alkyl moiety; and R 8B is hydrogen or lower alkyl. 
In certain embodiments, R3 is hydrogen, lower alkyl or an oxygen protecting group. 
In certain exemplary embodiments, R 3 is methyl. In certain other embodiments, R 5 
and R$ are independently lower alkyl. In certain exemplary embodiments, R5 and R$ 
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are each methyl. In certain embodiments, R4 is halogen, hydroxyl, lower alkoxy, 
acyloxy or NR 4A R 4B , wherein R 4A and R 4B are independently hydrogen, lower alkyl, 
aryl, acyl or a nitrogen protecting group, or R 4A and R 4B , taken together with the 
nitrogen atom to which they are attached, form a substituted or unsusbstituted 
heterocyclic or heteroaryl moiety; or R4, taken together with the carbon atom to 

J* 

which it is attached forms a moiety having the structure: X . m certain 
embodiments, R» is a halogen selected from fluorine, chlorine, bromine and iodine. 
In certain exemplary embodiments, R, is fluorine. In certain other embodiments, R, 
is F, OH, OAc, NH 2 or R,, taken together with the carbon atom to which it is 

attached forms a moiety having the structure: \ . In certain other embodiments* 
R 7 is methyl. In certain other embodiments, R 8B is hydrogen, methyl or ethyl. In 
certain exemplary embodiments, Y 2 is hydrogen or lower alkyl substituted with one 
or more halogen atoms selected from F, CI, Br and I. In certain exemplary 
embodiments, Y 2 is hydrogen or methyl substituted with one or more halogen atoms 
selected from F, Gl, Br and I. In certain exemplary embodiments, Y 2 is hydrogen or 
CF 3 . In certain exemplary embodiments, R Y1 is hydroxyl or lower alkoxy. In 
certain exemplary embodiments, R Y1 is hydroxyl or methoxy. In certain exemplary 
embodiments, Y 2 is CF 3 and R Y1 is methoxy. 

[0189] XI) Compounds of the formula (and pharmaceutically acceptable 
derivatives thereof): 





0R > , OR, , OR, ; OR, ; 

wherein R3-R5 and n are as defined in classes and subclasses herein; and Y 2 
and R are independently hydrogen or lower alkyl. In certain embodiments, R 3 is 
hydrogen, lower alkyl or an oxygen protecting group. In certain exemplary 
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embodiments, R3 is methyl. In certain other embodiments, R5 and R$ are 
independently lower alkyl. In certain exemplary embodiments, R5 and R$ are each 
methyl. In certain embodiments, n is 3. In certain embodiments, R4 is halogen, 
hydroxy!, lower alkoxy, acyloxy or NR 4A R 4B , wherein R 4A and R 4B are 
independently hydrogen, lower alkyl, aryl, acyl or a nitrogen protecting group, or 
R 4A and R 4B , taken together with the nitrogen atom to which they are attached, form 
a substituted or unsusbstituted heterocyclic or heteroaryl moiety; or R4, taken 
together with the carbon atom to which it is attached forms a moiety having the 

.>=0 

structure: X . In certain embodiments, R4 is a halogen selected from fluorine, 
chlorine, bromine and iodine. In certain exemplary embodiments, R4 is fluorine. In 
certain other embodiments, R4 is F, OH, OAc, NH2 or R4, taken together with the 

carbon atom to which it is attached forms a moiety having the structure: X . In 
certain exemplary embodiments, Y2 is hydrogen or lower alkyl substituted with one 
or more halogen atoms selected from F, CI, Br and I. In certain exemplary 
embodiments, Y2 is hydrogen or methyl substituted with one or more halogen atoms 
selected from F, CI, Br and I. In certain exemplary embodiments, Y2 is hydrogen or 
CF3. In certain exemplary embodiments, R Y1 is hydroxyl or lower alkoxy. In 
certain exemplary embodiments, R Y1 is hydroxyl or methoxy. In certain exemplary 
embodiments, Y2 is CF3 and R Y1 is methoxy. 

[0190] XII) Compounds of the formula (and pharmaceutically 
acceptable derivatives thereof): 
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or 



wherein R3-R6 are as defined in classes and subclasses herein; and Y 2 and 

T>Y1 • 

R are independently hydrogen or lower alkyl. In certain embodiments, R 3 is 
hydrogen, lower alkyl or an oxygen protecting group. In certain exemplary 
embodiments, R 3 is methyl. In certain other embodiments, R 5 and R* are 
independently lower alkyl. In certain exemplary embodiments, R 5 and are each 
methyl. In certain embodiments, R4 is halogen, hydroxyl, lower alkoxy, acyloxy or 
MR R 4B , wherein R 4A and R 4B are independently hydrogen, lower alkyl, aryl, acyl 
or a nitrogen protecting group, or R 4A and R 4B , taken together with the nitrogen atom 
to which they are attached, form a substituted or unsusbstituted heterocyclic or 
heteroaryl moiety; or R», taken together with the carbon atom to which it is attached 

< 

forms a moiety having the structure: \ . In certain embodiments, R4 is a 
halogen selected from fluorine, chlorine, bromine and iodine. In certain exemplary 
embodiments, R4 is fluorine. In certain other embodiments, R4 is F, OH, OAc, NH 2 
or R4, taken together with the carbon atom to which it is attached forms a moiety 

having the structure: \ . In certain exemplary embodiments, Y 2 is hydrogen or 
lower alkyl substituted with one or more halogen atoms selected from F, CI, Br and 
I. In certain exemplary embodiments, Y ? is hydrogen or methyl substituted with one 
or more halogen atoms selected from F, CI, Br and I. In certain exemplary 
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embodiments, Y 2 is hydrogen or CF 3 . In certain exemplary embodiments, R Y1 is 
hydroxyl or lower alkoxy. In certain exemplary embodiments, R YI is hydroxyl or 
methoxy. In certain exemplary embodiments, Y 2 is CF 3 and R Y1 is methoxy. 

[0191] XEB) Compomtis of the formate (mid ph&mtmeitiic&My 
acceptable derivatives thereof): 



R Y J / R« R^ R vtp^ R vi„ N ^ 

N N N 









( V. R *«v 




wherein R3-R6 and n are as defined in classes and subclasses herein; and Y2 
and R are independently hydrogen or lower alkyl. In certain embodiments, R 3 is 
hydrogen, lower alkyl or an oxygen protecting group. In certain exemplary 
embodiments, R 3 is methyl. In certain other embodiments, R 5 and R* are 
independently lower alkyl. In certain exemplary embodiments, R 5 and R^ are each 
methyl. In certain embodiments, n is 3. In certain embodiments, R4 is halogen, 
hydroxyl, lower alkoxy, acyloxy or NR 4A R 4B , wherein R 4A and R^ B are 
independently hydrogen, lower alkyl, aryl, acyl or a nitrogen protecting group, or 
R 4A and R 4B , taken together with the nitrogen atom to which they are attached, form 
a substituted or unsusbstituted heterocyclic or heteroaryl moiety; or R4, taken 
together with the carbon atom to which it is attached forms a moiety having the 
< 

structure: X . In certain embodiments, R4 is a halogen selected from fluorine, 
chlorine, bromine and iodine. In certain exemplary embodiments, R4 is fluorine. In 
certain other embodiments, R4 is F, OH, OAc, NH 2 or R4, taken together with the 

carbon atom to which it is attached forms a moiety having the structure: \ . In 
certain exemplary embodiments, Y 2 is hydrogen or lower alkyl substituted with one 
or more halogen atoms selected from F, CI, Br and I. In certain exemplary 
embodiments, Y 2 is hydrogen or methyl substituted with one or more halogen atoms 
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selected from F, CI, Br and I. In certain exemplary embodiments, Y 2 is hydrogen or 
CF 3 . In certain exemplary embodiments, R YI is hydroxyl, lower alkyl or lower 
alkoxy. In certain exemplary embodiments, R Yl is hydroxyl, methyl or methoxy. In 
certain exemplary embodiments, Y 2 is CF 3 and R Y1 is methoxy. 
[0192] XIV) Compounds of the formtsla (and phamwceufically 
acceptable derivatives thereof): 




or 



R Y1 HN 




wherein R3-R6 are as defined in classes and subclasses herein; and Y 2 and 
R are independently hydrogen or lower alkyl. In certain embodiments, R 3 is 
hydrogen, lower alkyl or an oxygen protecting group. In certain exemplary 
embodiments, R3 is methyl. In certain other embodiments, R5 and R* are 
independently lower alkyl. In certain exemplary embodiments, R 5 and R$ are each 
methyl. In certain embodiments, R4 is halogen, hydroxyl, lower alkoxy, acyloxy or 
" NR 4A R 4B , wherein R 4A and R 4B are independently hydrogen, lower alkyl, aryl, acyl 
or a nitrogen protecting group, or R 4A and R 4B , taken together with the nitrogen atom 
to which they are attached, form a substituted or unsusbstituted heterocyclic or 
heteroaryl moiety; or R4, taken together with the carbon atom to which it is attached 

< 
>=0 

forms a moiety having the structure: X . In certain embodiments, R4 is a 
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embodiments, R4 is fluorine. In certain other embodiments, R4 is F, OH, OAc, NH 2 



lower alkyl substituted with one or more halogen atoms selected from F, CI, Br and 
I. In certain exemplary embodiments, Y 2 is hydrogen or methyl substituted with one 
or more halogen atoms selected from F, CI, Br and L In certain exemplary 
embodiments, Y 2 is hydrogen or CF 3 . In certain exemplary embodiments, R Y1 is 
hydroxyl, lower alkyl or lower alkoxy. In certain exemplary embodiments,- R YI is 
hydroxyl, methyl or methoxy. In certain exemplary embodiments, Y 2 is CF 3 and 
R Y1 is methoxy. 

[0193] XV) Compounds of the formula (and pharmaceutical!)? 
acceptable derivatives thereof): 



wherein R 3 -R$ are as defined in classes and subclasses herein; Xi is 
O, NH or CH 2 ; and Y l and Y 2 are independently OH, C(R Y1 ) 3 or Yi and Y 2 taken 
together with the carbon atom to which they are attached are -C=0; wherein R Y1 is 
halo. In certain embodiments, R* is H or lower alkyl. In certain other embodiments, 
R 5 is H or lower alkyl. In yet other embodiments, R4 is OH. In other embodiments, 
R 3 is alkyl. In certain exemplary embodiments, Xi is CH 2 , NH or O; Y\ and Y 2 are 
independently OH, C(R Y, )3 or Y x and Y 2 taken together with the carbon atom to 
which they are attached are -OO, wherein R Y1 is halo; R^isHor lower alkyl; R 5 is 
H or lower alkyl; R4 is OH; and R 3 is alkyl. 
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[0194] It will also be appreciated that for each of the subgroups I-XV described 
above, a variety of other subclasses are of special interest, including, but not limited 
to those classes described above i)-cxv) and classes, subclasses and species of 
compounds described above and in the examples herein. 

[0195] Some of the foregoing compounds can comprise one or more asymmetric 
centers, and thus can exist in various isomeric forms, e.g., stereoisomers and/or 
diastereomers. Thus, inventive compounds and pharmaceutical compositions 
thereof may be in the form of an individual enantiomer, diastereomer or geometric 
isomer, or may be in the form of a mixture of stereoisomers. In certain 
embodiments, the compounds of the invention are enantiopure compounds. In 
certain other embodiments, mixtures of stereoisomers or diastereomers are provided. 
[0196] Furthermore, certain compounds, as described herein may have one or 
more double bonds that can exist as either the Z or E isomer, unless otherwise 

■ 

indicated. The invention additionally encompasses the compounds as individual 
isomers substantially free of other isomers and alternatively, as mixtures of various 
isomers, e.g., racemic mixtures of stereoisomers. In addition to the above- 
mentioned compounds per se, this invention also encompasses pharmaceutically 
acceptable derivatives of these compounds and compositions comprising one or 
more compounds of the invention and one or more pharmaceutically acceptable 
excipients or additives. 

* 

[0197] Compounds of the invention may be prepared by crystallization of 
compound of formula (I) under different conditions and may exist as one or a 
combination of polymorphs of compound of general formula (I) forming part of this 
invention. For example, different polymorphs may be identified and/or prepared 
using different solvents, or different mixtures of solvents for recrystallization; by 
performing crystallizations at different temperatures; or by using various modes of 
cooling, ranging from very fast to very slow cooling during crystallizations. 
Polymorphs may also be obtained by heating or melting the compound followed by 
gradual or fast cooling. The presence of polymorphs may be determined by solid 
probe NMR spectroscopy, IR spectroscopy, differential scanning calorimetry, 
powder X-ray dififractogram and/or other techniques. Thus, the present invention 
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encompasses inventive compounds, their derivatives, their tautomeric forms, their 
stereoisomers, their polymorphs, their pharmaceutically acceptable salts their 
pharmaceutically acceptable solvates and pharmaceutically acceptable compositions 
containing them. 

[0198] As discussed above, this invention provides novel compounds with a 
range of biological properties. Preferred compounds of this invention have 
biological activities relevant for the treatment of cancer and angiogenesis-related 
disorders. 

[0199] Compounds of this invention include those specifically set forth above 
and described herein, and are illustrated in part by the various classes, subgenera and 
species disclosed elsewhere herein. 

[0200] Additionally, the present invention provides pharmaceutically acceptable 
derivatives of the inventive compounds, and methods of treating a subject using 
these compounds, pharmaceutical compositions thereof, or either of these in 

* combination with one or more additional therapeutic agents. Certain compounds of 
the present invention are described in more detail below. For purposes of this 
invention, the chemical elements are identified in accordance with the Periodic 
Table of the Elements, CAS version, Handbook of Chemistry and Physics, 75 th Ed., 
inside cover, and specific functional groups are generally defined as described 
therein. Additionally, general principles of organic chemistry, as well as specific 

-' functional moieties and reactivity, are described in "Organic Chemistry", Thomas 
Sorrell, University Science Books, Sausalito: 1999, the entire contents of which are 
incorporated herein by reference. Furthermore, it will be appreciated by one of 
ordinary skill in the art that the synthetic methods, as described herein, utilize a 
variety of protecting groups. It will be appreciated that the compounds, as described 
herein, may be substituted with any number of substituents or functional moieties. 
In general, the term "substituted" whether preceded by the term "optionally" or not, 
and substituents contained in formulas of this invention, refer to the replacement of 
hydrogen radicals in a given structure with the radical of a specified substituent 
When more than one position in any given structure may be substituted with more 
than one substituent selected from a specified group, the substituent may be either 
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the same or different at every position. As used herein, the term "substituted" is 
contemplated to include all permissible substituents of organic compounds. In a 
broad aspect, the permissible substituents include acyclic and cyclic, branched and 
unbranched, carbocyclic and heterocyclic, aromatic and nonaromatic substituents of 
organic compounds. For purposes of this invention, heteroatoms such as nitrogen 
may have hydrogen substituents and/or any permissible substituents of organic 
compounds described herein which satisfy the valencies of the heteroatoms. 
Furthermore, this invention is not intended to be limited in any manner by the 
permissible substituents of organic compounds. Combinations of substituents and 
variables envisioned by this invention are preferably those that result. in the 
formation of stable compounds useful in the treatment, for example of proliferative 
disorders, including, .but not limited to cancer. The term "stable", as used herein, 
preferably refers to compounds which possess stability sufficient to allow 
manufacture and which maintain the integrity of the compound for a sufficient 

i period of time to be detected and preferably for a sufficient period of time to be 
useful for the purposes detailed herein. ! 
[0201] It will also be appreciated that certain of the compounds of present 
invention can exist in free form for treatment, or where appropriate^ as a 
pharmaceutically acceptable derivative thereof. According to the present invention, 
a pharmaceutically acceptable derivative includes, but is not limited to, 
pharmaceutically acceptable salts, esters, salts of such esters, or a prodrug or other 
adduct or derivative of a compound of this invention which upon administration to a 
patient in need is capable of providing, directly or indirectly, a compound as 

■• otherwise described herein, or a metabolite or residue thereof. 
[0202] As used herein, the term "pharmaceutically acceptable salt" refers to 
those salts which are, within the scope of sound medical judgment, suitable for use 
in contact with the tissues of humans and lower animals without undue toxicity, 
irritation, allergic response and the like, and are commensurate with a reasonable 
benefit/risk ratio. Pharmaceutically acceptable salts of amines, carboxyiic acids, and 
other types of compounds, are well known in the art. For example, S.M. Berge, et 
al. describe pharmaceutically acceptable salts in detail in J. Phannaceutical 
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: Sciences, 66: 1-19 (1977), incorporated herein by reference. The salts can be 
prepared in situ during the final isolation and purification of the compounds of the 
invention, or separately by reacting a free base or free acid function with a suitable 
reagent, as described generally below. For example, a free base function can be 
reacted with a suitable acid. Furthermore, where the compounds of the invention 
carry an acidic moiety, suitable pharmaceutically acceptable salts thereof ma)', 
include metal salts such as alkali metal salts, e.g. sodium or potassium salts; and 
alkaline earth metal salts, e.g. calcium or magnesium salts. Examples of 
pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino group 
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, 
phosphoric acid, sulfuric acid and perchloric acid or with organic acids such as 
acetic acid, oxalic acid, maleic acidj tartaric acid, citric acid, succinic acid or 
malonic acid or by using other methods used in the art such as ion exchange. Other 

i : pharmaceutically acceptable salts include adipate, alginate, ascorbate, aspartate, 
benzenesulfonate, benzoate, bisulfate; borate, butyrate, camphorate, 
camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate, 
ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate, gluconate, 
hernisulfate, heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, 
lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate, 
methanesulfonate, 2-naphthaienesulfonatej nicotinate, nitrate, oleate, oxalate, 
palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, 
pivalate, propionate, stearatej succinate, sulfate, tartrate, thiocyanate, p- 
toluenesulfonate, undecanoate, valerate salts, and the like. Representative alkali or 
alkaline earth metal salts include sodium, lithium, potassium, calcium, magnesium, 
and the like. Further pharmaceutically acceptable salts include, when appropriate, 
nontoxic ammonium, quaternary ammonium, and amine cations formed using 
counterions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, 
loweralkyl sulfonate and aryl sulfonate. 

[0203] Additionally, as used herein, the term "pharmaceutically acceptable 
ester" refers to esters that hydrolyze in vivo and include those that break down 
readily in the human body to leave the parent compound or a salt thereof. Suitable 
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ester groups include, for example, those derived from pharmaceutical^ acceptable 
aliphatic carboxylic acids, particularly alkanoic, alkenoic, cycloalkanoic and 
alkanedioic acids, in which each alkyl or alkenyl moeity advantageously has not 
more than 6 carbon atoms. Examples of particular esters include formates, acetates, 
propionates, butyrates, acrylates and ethylsuceinates. 

[0204] Furthermore, the term "pharmaceutical^ acceptable prodrugs 59 as used 
herein refers to those prodrugs of the compounds of the present invention which are, 
within the scope of sound medical judgment, suitable for use in contact with the 
. issues of humans and lower animals with undue toxicity, irritation, allergic response, 
and the like, commensurate with a reasonable benefit/risk ratio, and effective for 
their intended use, as well as the zwitterionic forms, where possible, of the 
compounds of the invention. The term "prodrug" refers to compounds that are 
rapidly transformed in vivo to yield the parent compound of the above formula, for 

■ 

example by hydrolysis in blood. A thorough discussion is provided in T. Higuchi 
and V. Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of the A.C.S. 
Symposium Series, and in Edward B. Roche, ed., Bioreversible Carriers in Drug 
Design, American Pharmaceutical Association and Pergamon Press, 1987, both of 
which are incorporated herein by reference. 

[0205] 2) Synthetic Methodology 

[0206] In another aspect, the present invention provides methods for preparing 
novel macrocycles having formula (I) a described above and in certain classes and 
subclasses herein. An overview of exemplary synthesic approaches to the inventive 

* 

compounds is provided below, as detailed in Schemes 1-15, and in the 
Exemplification herein. It will be appreciated that the methods as described herein 
can be applied to each of the compounds as disclosed herein and equivalents thereof. 
Additionally, the reagents and starting materials are well known to those skilled in 
the art Although the following schemes describe certain exemplary compounds, it 
will be appreciated that the use of alternate starting materials will yield other 
analogs of the invention. For example, compounds are described below where X is 
O; however, it will be appreciated that alternate starting materials and/or 
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intermediates can be utilized to generate compounds where X is NH, N-alkyl, S, 
CH 2 , etc. 

[0207] In certain embodiments, compounds as provided herein, for example 

those where n is 3, X is O, and Ri and Ri are each hydrogen, are prepared from 

assembly of three segments, as depicted in Scheme 1 A below: 

O 





(a) Nucleophilic addition 

(b) Ester bond formation 

(c) Ring-closing metathesis 



Scheme 1A 

[020S] In certain other embodiments, compounds as provided herein, for 
example those where n is 3, X is O, Ri and R 2 are each hydrogen, and Q is a moiety 

having the structure ~r , are prepared from assembly of five segments, as 



depicted in Scheme IB below: 

O 

FW 




«==> 




Or Alk* 



OMe 




TMS 



Scheme IB 

[0209] In certain embodiments, compounds of the invention where Q is a 
carbonyl-containing moiety having the structure: 
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are prepared from assembly of three segments, as depicted in Scheme 2 



below: 





(a) Aldol reaction 

(b) Ester bond formation 

(c) Ring-dosing metathesis 



Scheme? 

[0210] In certain embodiments, compounds where -Alk-Rg represents a 
glutarimide-containing side chain, having the structure: 




wherein X, Y, Z and R are as defined in classes and subclasses herein; 

are prepared from assembly of three segments, as depicted in Scheme 3 



below: 





(a) Aldol reaction 

(b) Horner- Wadsworth-Emmons reaction 

(c) Ester bond formation 

(d) Ring-closing metathesis 



Scheme 3 
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wherein G represents a group suitable for effecting the Homer- Wadsworth- 
Emmons-type coupling. 

[0211] In certain embodiments, the preparation of fragment A may be 
accomplished as depicted in Scheme 4 below: 




Scheme 4 

[0212] For example, reduction of commercially available dimethyl 2,3-0- 
isopropylidene-L-tartrate i, followed by diastereoselective divinylzinc addition to 
the in situ generated dialdehyde produces the desired vinyl carbinol ii (see. 
Jorgensen et aL, J. Org. Chem. 9 2001, 66, 4630). Alkylation (or arylation) of the two 
hydroxyl groups and removal of the acetonide protecting group yields diol Hi. 
Glycol cleavage of Hi affords a-alkoxy-P-vinyl aldehyde iv. Subjecting iv to a 
Lewis acid catalyzed diene aldehyde condensation (LACDAC) sequence with the 
synergistically activated diene v in the presence of TiCU, yields the a-chelation 
controlled dihydropyrone vi (for chelation-controlled cyclocondensations of a- 
alkoxy aldehydes with synergistically activated dienes, see: Danishefeky et al. 9 J. 
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Am. Chem. Soc, 1985, 107, 1256). The cyclocondensation allows the construction 
of the three contiguous stereocenters of the macrolide and sets the stage for 
establishing the trisubstituted (Z)-alkene CI 1 -CI 2. Luche reduction of enone vi 
affords the corresponding allylic alcohol, which can be made to undergo an aqueous 
Ferrier rearrangement to give alcohol vii (for a reference on the Luche reduction, 
see: Luche ef al 9 J. Am. Chem. Soc, 1979, 101 9 5S48; for a reference on the Ferrier 
rearrangement, see: Ferrier, J. Chem. Soc, 1964, 5443). Reductive opening of lactol 
vii, protection of the secobdary hydroxy! group, and oxidation of the primary 
alcohol yields the C7-C 1 3 core fragment A. 

[0213] One of ordinary skill in the art will recognize that the protected hydroxyl 
(OPG) may be converted to a variety of functional groups, including, but not limited 
to OH, NH 2 and F, thus allowing access to compounds where R4 is OH, OAc, NH 2 , 
F, or R4, taken together with the carbon atom to which it is attached forms a moiety 

_>=0 

having the structure: X ; among others. 

[0214] In certain embodiments, coupling of fragment A with a glutarimide 
moiety may be accomplished as exemplified in Scheme 5 below: 
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O Q 




OR 3 



Scheme 5 

[0215] For example, Addition of x to fragment A in the presence of MgCl 2 and 
TMSC1 produces alcohol xi (for a reference reporting a suitable protocol for anti- 
selective aldol coupling, see: Evans et al 9 J. Am. Chent Soc, 2002, 124, 392). 
Protection of the resulting secondary hydroxyl group and reductive cleavage of the 
chiral auxiliary affords alcohol xii. Coupling of compound xii with the glutarimide 
side chain may be effected, for example, via a Homer- Wadsworth-Emmons reaction. 
For example, the Masamune-Roush variant of the Horner- Wadsworth-Emmons 
reaction may be used (see: Blanchette et al. 9 Tet. Lett., 1984, 25, 2183). Thus, 
conversion of xii via an oxidation/nucleophilic addition/oxidation sequence gives P- 
ketophosphonate xiii. Treatment of the phosphonate with LiCl and DBU in the 
presence of glutarimide aldehyde xiv results in efficient formation of the desired 
enone xv. 

[0216] In certain embodiments, formation of the macrolide ring is effected as 
shown in Scheme 6 below: 
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Scheme 6 

[0217] For example, removal of the TES protecting group of enone xv yields 
seco-alcohol xvi. A variety of methods for effecting acylation of xvi with dienoic 
acid may be utilized. For example, a modified Yamaguchi procedure may be used 
to give the metathesis precursor xvii (see, Inanaga et al. 9 Bull Chem. Soc. Jpn., 
1979, 52, 1989; and Song et al. 9 Org Lett., 2002, 4, 647). A variety of methods for 
effecting ring-closure metathesis of xvii to the desired (£>isomer may be utilized 
For example, subjecting tetraene xvii to ring-closure metathesis conditions using the 
second generation Grubbs catalyst gives the desired macrocyclic (£)-isomer xviii in 
high yield (see, Scholl et ai y Org Lett., 1999, 7, 953). 

[0218] Methods for converting the protected hydroxyl group (OPG) into a 
variety of functionalities are known in the art. The practitioner skilled in the 
relevant art will know how to select reagents and reaction conditions to effect 
transformation of the protected hydroxyl group (OPG) into a desired functionality 
FG. In certain embodiments, FG represents OH, NH 2 or halogen (e.g., F). 
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[0219] In certain other embodiments, the conjugate ester group present in 
compound xviii (z.e., at C2-C3) may be reduced to the corresponding saturated ester 
six. The practitioner skilled in the relevant art will know how to select reagents and 
reaction conditions to effect this transformation. For example, the Stryker copper 
hydride may be used (see, Mahoney et aL 9 J. Am. Chent Soc, 1988, 110, 291), as 
depicted in Sheme 7 below: 




Scheme 7 



[0220] In certain embodiments, in Schemes 5-7 above, -X-Y-Z- represents - 
CH=CH-(CH2)v- where v is an integer from 1-4. Thus, compound xv depicted in 
scheme 5 may have the following structure (xv a ): 



o 




OR 3 



(xv a ) 

[0221] In certain embodiments, conjugate reduction of this intermediate may be 
effected using the stryker reagent, as shown in scheme 8 below: 
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Scheme S 

[0222] In certain other embodiments, where further functionalization at Cn of 
the alkyl-glutarimide side chain of xv a is desired, coupling of fragment xii with a 
glutarimide moiety may be accomplished as shown in Scheme 9 below: 



o 




OR 3 

Scheme 9 



[0223] For example, ephedrine ester xx may be converted to the corresponding 
Weinreb amide, which is then transformed into the corresponding methyl ketone 
upon treatment with MeMgBr. Aldol reaction of ketone xxi with protected 
glutarimide aldehyde xxii yields the formation of the Cn-hydroxylated adduct xxiii. 
The practitioner skilled in the relevant art will know how to select reagents and 
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reaction conditions to effect transformation of this C-17 hydroxy 1 group into 
functionalities of interest {e.g., alkoxyl, aryloxy, NH2 or halogen (e.g., F)). 
[0224] One of ordinary skill in the art will recognize that the ring closing 
metathesis coupling may be effected with fragments where at least one of Ri and R 2 
is not hydrogen, to introduce functionalization at Ce and/or C7, as shown in Scheme 
10 below. In addition, metathesis reaction conditions may be adjusted so that the 
(Z)-isomer is predominantly formed, rather than the (E)-isomer. 

o Q 

1) Ring dosing met a thesis 




2) OPG functional group transformation 



OPG 




xx 111 



XXIV 



Scheme 10 

[0225] One of ordinary skill in the art will also recognize that the inventive 
methods for assembling the macrocyclic structure are not limited by the order in 
which the different fragments may be put together. Exemplary synthetic approaches 
were described in Schemes 1-10 above, whereby the inventive compounds are 
prepared by (i) nucleophilic addition of Q on fragment A, followed by (ii) ester bond 
formation between the A-Q adduct with a suitable dienoic acid and (iii) ring closing 
ring closure to give the desired macrocyclic scaffold Other approaches may be used. 
For example, inventive compounds may be prepared by (i) nucleophilic addition of 
Q on fragment A, followed by (ii) cross-metathesis reaction of the A-Q adduct 
obtained in (i) with a suitable dienoic acid and (iii) macrolactonization (z.e., 
intramolecular ester bond formation) to give the desired macrocyclic scaffold (See 
Scheme 11). 
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(Zyisomer may also be obtained 

Scheme 11 

[0226] Alternatively, inventive compounds may be prepared by (i) nucleophilic 
addition of Q on fragment A, followed by (ii) cross-metathesis reaclion of the A-Q 
adduct obtained in (i) with a suitable enone, (iii) acylation of the adduct obtained in 
(ii) with a suitable reagent and (iv) intramolecular Homer- Wadsworth-Emmons 
olefination to give the desired macrocyclic scaffold (See Scheme 12). 




(Z)-isomer may also be obtained 



Scheme 12 

[0227] In certain embodiments, the invention provides methods of preparing 
compounds where Xi is NH. Schemes 1-12 above detail exemplary synthetic 
approaches for preparing inventive compounds where Xi is O. A similar approach 
may be used to access compounds where Xi is NH (/.e., macrolactams). For 
example, inventive compounds may be prepared by (i) nucleophilic addition of Q on 
fragment A, followed by (ii) conversion of the resulting alcohol to an amine, (iii) 
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amide bond formation between the A-Q adduct formed in (ii) with a suitable dienoic 
acid and (iv) ring closing metathesis to give the desired macrolactam scaffold 
(Scheme 13). 




Scheme 13 



[0228] In certain embodiments, inventive compounds may be prepared by (i) 
nucledphilic addition of Q on fragment A, followed by (ii) conversion of the 
resulting alcohol to the corresponding amine, (iii) cross-metathesis reaction of the 
A-Q adduct obtained in (ii) with a suitable dienoic acid and (iv) intramolecular 
amide bond formation to give the desired macrolactam scaffold (See Scheme 14). 




Scheme 14 

[0229] Alternatively, inventive compounds may be prepared by (i) nucleophilic 
addition of Q on fragment A, followed by (ii) conversion of the resulting alcohol to 
the corresponding amine, (iii) cross-metathesis reaction of the A-Q adduct obtained 
in (ii) with a suitable enone, (iv) acylation of the adduct obtained in (iii) with a 
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suitable reagent and (v) intramolecular Homer-Wadsworth-Emmons olefination to 
give the desired macrocyclic scaffold (See Scheme 15). 




Nudsophilic oddoioo 



+ Q 




2)PPb, 



OR 3 



Ru= 



Acylafion 




Further derivatization 



\ 0R 3 
(Z>tsomer may also be obtained 

Scheme 15 

[0230] Other approaches to prepare inventive compounds will be readily 
apparent to the practitioner skilled in the relevant art 
[02311 Diversification: 

[0232] It will also be appreciated that each of the components used in the 
synthesis of Migrastatin analogues can be diversified either before syndesis or 
alternatively after the construction of the macrocycle. As used herein, the term 
"mversifying" or "diversify" means reacting an inventive compound (I) or any of the 
precursor fragments (e.g., (A) etc.) as defined herein (or any classes or subclasses 
thereof) at one or more reactive sites to modify a functional moiety or to add a 
functional moiety (e.g., nucleophilic addition of a substrate). Described generally 
herein are a variety of schemes to assist the reader in the synthesis of a variety of 
analogues, either by diversification of the intermediate components or by 
diversification of the macrocyclic structures as described herein, and classes and 
subclasses thereof. It will also be appreciated that although many of the schemes 
herein depict 14-membered macrocycles, the reactions described herein may also be 
applied to other ring structures (for example to 12-, 13- and 15-membered ring 
structures). It will be appreciated that a variety of diversification reactions can be 
employed to generate novel analogues. As but a few examples, epoxidation and 
aziridation can be conducted to generate epoxide and asiridine analogues of 
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compounds described herein. Additional^ «*r*. 

generate addif. . a- - addltlon across either double bond will 

generate additional diversity. In addition to diversification »ft 

will be understood that diversification can oiTT, 

epoxidation, action, reduction at a Z^C a T^"^ ^ ' 

Prior to mefethesis ring-closure or o* ^ °» 

available in ,he art. the ™wv • 7 P H additional 

"idrcn, J. John Wiley & Sons, 2001 5 th en a- - *• ' 

<"«P«W by referee. ^ ° f *» » ^ 

t«2»] to certain e.bodimen*, the pre*,,, provi()es 

prepanng a Mig^ ^ ^ ^ -W for 

< 

« 




said method comprising steps of: 

reacting a fragment Q with a compound having the structure: 

■Re 




under suitable conditions to effect formation of an A O a dH. ♦ u ■ , 

or an A-Q adduct having the structure: 



b. 




reactmg A-Q formed in step a with a dienoic acid having the 



structure: 



s 
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Rt, OH ; 

under suitable conditions to effect formation of an ester having the structure: 

0 Q 

Re 




c. 



OR 3 ; and 

subjecting the ester formed in step b to ring closing metathesis reaction 
conditions to effect formation of the macrolide having the structure: 




wherein Ri and R 2 are each independently hydrogen, halogen, -CN, -S(0)^ 
2 R IA , -N0 2 , -COR 1A , -C0 2 R 1A , -NR 1A C(=0)R 1B , -NR 1A C(=O)0R IB , -CONR IA R IB , 
an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or - 
WR 1A ; wherein W is independently -0-, -S- or -NR IC -, wherein each occurrence of 
R 1A , R 1B and R 1C is independently hydrogen, or an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ri and R 2 , taken together, 
form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

R3 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; or a prodrug moiety or an oxygen protecting group; 

R4 is , -OR 4A , -OC(=0)R 4A or -NR 4A R 4B ; wherein R 4A and R 4B are 
independently hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl 
or heteroaryl moiety; a prodrug moiety, a nitrogen protecting group or an oxygen 
protecting group; or R 4A and R 4B , taken together with the nitrogen atom to which 

■ 

they are attached, form a heterocyclic or heteroaryl moiety; or R4, taken together 
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with the carbon atom to which it is attached forms a moiety having the structure: 



heteroaryl moiety; 

R* is hydrogen, halogen, -CN, -SCO^R 6 *, -N0 2 , -COR**, -C0 2 R 6A , - 
MR 6A C(=0)R 6B , -NR 6A C(=0)OR 6B , -CONR 6A R 6B , an aliphatic, heteroaliphatic, 
ahcyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR^; wherein W is 
independently -0-, -S- or -NR 60 -, wherein each occurrence of R 6A R 6B and R 60 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or R<> and R« taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

Ra and each occurrence of Rb are independently hydrogen, halogen, -CN, - 
SCCO^R* 1 , -N0 2 , -COR aI , -C0 2 R al , -NR^C^R* 2 , -NR^C^OR 32 , - 
CONR^R* 2 , an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl 
moiety, or -WR al ; wherein W is independently -O-, -S- or -NR 33 -, wherein each 
occurrence of R al , R* 2 and R* 3 is independently hydrogen, or an aliphatic, 
heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ra and the 
adjacent occurrence of Rb, taken together with the carbon atoms to which they are 
attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

Rc is hydrogen, halogen, -CN, -S(0) 1-2 R cl , -N0 2 , -COR cl , -C0 2 R cl , - 
NR^CC^R 02 , -NR^CC^OR 02 , -CONR^R 02 ; an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR cl ; wherein W is 
independently -0-, -S- or -NR 03 -, wherein each occurrence of R cl , R a and R 03 is 
independently hydrogen, or an aliphatic, heteroaliphatic, ahcyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or Rc and R6, taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

n is an integer from 1 to 5; and 



Q is hydrogen, halogen, -CN, -SCO)^ 1 , -N0 2 , -COR Q1 , -CO^ 1 , - 
NR Q1 C(=0)R Q2 , -NR Q1 C(=0)OR Q \ -CONR Q1 R Q2 , an aliphatic, heteroaliphatic, 




Ei 5 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
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alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR QI ; wherein W is 
independently -0-, -S- or -NR Q3 -, wherein each occurrence of R Q1 , R Q2 and R Q3 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; and 

pharmaceutically acceptable derivatives thereof. 
[0234] In certain embodiments, the method further comprises steps of 
diversifying the macrolide obtained in step c to form a Migrastatin analog with the 
desired functionalization. 

[0235] In certain embodiments, the present invention provides a method for 
preparing a Migrastatin analog having the structure: 




said method comprising steps of: 

reacting a fragment Q with a compound having the structure: 




under suitable conditions to effect formation of an A-Q adduct having the structure: 

Q 




b. reacting A-Q formed in step a with a dienoic acid having the structure: 
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Rb OH ; 



imder suitable conditions to eflFect formation of an olefin having the 

structure: 

OH 




c. 



subjecting the olefin formed in step b to suitable conditions to effect 
formation of the macrolide having the structure: 




wherein Ri and R2 are each independently hydrogen, halogen, -CN, -S(0) N 

■ 

2 R 1A , -N0 2 , -COR 1A , -C0 2 R 1A , -NR 1A C(=0)R 1B , -NR 1A C(=0)OR lB , -CONR lA R 1B , 

an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or - 
WR 1A ; wherein W is independently -0-, -S- or -NR lc -, wherein each occurrence of 
R 1A , R 1B and R 1C is independently hydrogen, or an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ri and R2, taken together 
with the carbon atoms to which they are attached, form an alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; 

R3 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; or a prodrug moiety or an oxygen protecting group; 

R4 is halogen, -OR 4A , -0C(O)R 4A or -NR 4A R 4B ; wherein R 4A and R 4B are 
independently hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl 
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or heteroaryl moiety; a prodrug moiety, a nitrogen protecting group or an oxygen 
protecting group; or R 4A and R 4B , taken together with the nitrogen atom to which 
they are attached, form a heterocyclic or heteroaryl moiety; or R4, taken together 
with the carbon atom to which it is attached forms a moiety having the structure: 

< A R Y1 < / Y1 < / 0RY1 s nhr y1 

E 5 is hydrogen, an aliphatic, heteroaliphatic, ahcycUc, heteroalicyclic, aryl or 
heteroaryl moiety; 

K<i is hydrogen, halogen, -CN, -SCO),.^ 6 *, -N0 2 , -COR 6A , -CO^ 6 *, - 
NR 6A C(=0)R 6B , -NR^C^OR 68 , -CONR^R 68 , an aUphatic, heteroaUphatic, 
alicyclic, heteroalicycUc, aryl or heteroaryl moiety, or -WR 6 *; wherein W is 
independently -0-, -S- or -NR 6C -, wherein each occurrence of R 6A , R 6B and , R 60 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicycUc, 
aryl or heteroaryl moiety, or R« and taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicycUc, aryl or heteroaryl moiety; 

R a and each occurrence of R^ are independently hydrogen, halogen, -CN,- 
S(0),_ 2 R al , -N0 2 , -COR al , -CO^ 1 , -NR al C(=0)R a2 , -NR^C^OR 82 , - 
CONR^R 1 * 2 , an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl 
moiety, or -WR al ; wherein W is independently -O-, -S- or -NR* 3 -, wherein each 
occurrence of R , R and R is independently hydrogen, or an aliphatic, 
heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ra and the 
adjacent occurrence of Rt>, taken together with the carbon atoms to which they are 
attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

Rc is hydrogen, halogen, -CN, -SCO^R 01 , -N0 2 , -COR cl , -C0 2 R cl , - 
NR cl C(=0)R c2 , -NR cl C(=0)OR c2 , -CONR^R* 2 ; an aliphatic, heteroaUphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR cl ; wherein W is 
independently -0-, -S- or -NR c3 -, wherein each occurrence of R cl , R a and R 03 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or Rc and R$, taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 



I 
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n is an integer from 1 to 5; and 

Q is hydrogen, halogen, -CN, -S(0),. 2 R QI , -N0 2 , -COR Q1 , -C0 2 R Q1 , - 

NR Q1 C(=0)R Q2 , -NR Q1 C(=0)OR Q2 , -CONR Q1 R Q2 , an aliphatic, heteroaliphatic, 
alicyclic, heterocyclic, aryl or heteroaryl moiety, or -WR Q1 ; wherein W is 
independently -0-, -S- or -NR Q3 -, wherein each occurrence of R Q1 , R Q2 and R Q3 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; and 

pharmaceutically acceptable derivatives thereof. 
[0236] In certain embodiments, the method further comprises steps of 
diversifying the macrolide obtained in step c to form a Migrastatin analog with the 

**!• 

desired functionalization. 

[0237J In certain embodiments, the present invention provides a method for 
preparing a Migrastatin analog having the structure: 




said method comprising steps of: 
a. reacting a fragment Q with a compound having the structure: 




under suitable conditions to effect formation of an A-Q adduct having the structure: 
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C. 




. OR 3 ; 

reacting A-Q formed in step a with n enone having the structure: 

B1 R 5 




under suitable conditions to effect formation of an olefin having the 

* 

structure: 

Q 




acylating the olefin formed in step b with a suitable reagent under suitable 
conditions to effect formation of an intermediate having the structure: 



O Q 




Ri OR 3 ; 

wherein G is a group suitable to effect ring closure; and 

subjecting the intermediate formed in step c to suitable conditions to effect 

formation of the macrolide having the structure: 
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O Q 

■ 



wherein Ri and R 2 are each independently hydrogen, halogen, -CN, -S(0)j. 
2 R 1A , -NG 2 , -CQR 1A , -C0 2 R lA , -NR ,A C(=0)R lB , -NR 1A C(=0)OR 1B , -CONR 1A R 1B , 
an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or - 
WR 1A ; wherein W is independently -0-, -S- or -NR 1C -, wherein each occurrence of 
R 1A , R 1B and R 1C is independently hydrogen, or an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ri and R 2 , taken together 
with the carbon atoms to which they are attached, form an alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; 

R3 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; or a prodrug moiety or an oxygen protecting group; 

R 4 is halogen, -OR 4A , -OC(=0)R 4A or -NR 4A R 4B ; wherein R 4A and R 4B are 
independently hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl 
or heteroaryl moiety; a prodrug moiety, a nitrogen protecting group or an oxygen 
protecting group; or R 4A and R 4B , taken together with the nitrogen atom to which 
they are attached, form a heterocyclic or heteroaryl moiety; 

R5 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; 

R6 is hydrogen, halogen, -CN, -SCO^R^, -N0 2 , -COR 6A , -C0 2 R 6A , - 

NR 6A C(=0)R 6B , -NR^OPR 68 , -CONR^R 68 , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR 6A ; wherein W is 
independently -0-, -S- or -NR 60 -, wherein each occurrence of R 6A , R 63 and R 6C is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or and Rc, taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 
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Ra and each occurrence of Rb are independently hydrogen, halogen, -CN, - 
S(0) N2 R al , -N0 2 , -COR al , -C0 2 R al , -NR al C(=0)R a2 , -NR al C(=O)0R a2 5 - 
CONR^R 82 , an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl 
moiety, or -WR al ; wherein W is independently -0-, -S- or -NR 33 -, wherein each 
occurrence of R al , R 82 and R 33 is independently hydrogen, or an aliphatic, 
heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ra and the 
adjacent occurrence of Rb, taken together with the carbon atoms to which they are 
attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

Rc is hydrogen, halogen, -CN, -S(0) U2 R cl , -N0 2 , -COR cl , -C0 2 R cl , - 
NR c, C(=0)R c2 , -NR^CX^OR 02 , -CONR^R 02 ; an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR cl ; wherein W is 
independently -0-, -S- or -NR 03 -, wherein each occurrence of R cl , R 02 and R 03 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or Rc and R6, taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

n is an integer from 1 to 5; and 

Q is hydrogen, halogen, -CN, -S(0),. 2 R QI , -N0 2 , -COR Q1 , -C0 2 R Q1 , - 
NR Q, C(=0)R Q2 , -NR Q1 C(=0)OR Q2 , -CONR Q1 R Q2 , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR Q1 ; wherein W is 
independently -O-, -S- or -NR Q3 -, wherein each occurrence of R Q1 , R Q2 and R Q3 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; and 

phannaceutically acceptable derivatives thereof. 
[0238] In certain embodiments, G is -P(=0)R' 2 and step d involves subjecting 
the intermediate formed in step c to Homer- Wadsworth-Emmons reaction 
conditions to effect formation of the macrolide. In certain other embodiments, the 
method further comprises steps of diversifying the macrolide obtained in step d to 
form a Migrastatin analog with the desired functionalization. 
[0239] In certain embodiments, the present invention provides a method for 
preparing a Migrastatin analog having the structure: 
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a. 



said method comprising steps of: 

reacting a fragment Q with a compound having the structure: 

K 6 




under suitable conditions to effect formation of an alcohol adduct having the 

'.- structure: 

Q 

•Re . 




b. 



- 0R 3, ; 

converting the alcohol adduct formed in step a under suitable conditions to 

form an amine having the structure: . 

Q 

Re 




c. 



reacting the amine formed in step b with a dienoic acid having the structure: 

Ri R a 

sO 




R„ OH ; 
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under suitable conditions to effect formation of an amide having the 

structure: 

o Q 



?2 



OR 3 ; and 

subjecting the amide formed in step c to ring closing metathesis reaction 
conditions to effect formation of the macrolide having the structure: 




wherein Ri and R 2 are each independently hydrogen, halogen, -CN, -S(0) N 
2 R 1A , -N0 2 , -COR 1A , -C0 2 R ,A , -NR lA C(=0)R 1B , -NR ,A C(=0)OR 1B , -CONR 1A R IB , 
an aliphatic, heteroaliphatic, alicycUc, heteroalicyclic, aryl or heteroaryl moiety, or - 
WR ; wherein W is independently -O-, -S- or -NR IC -, wherein each occurrence of 

XAi IB 1C 

R , R and R is independently hydrogen, or an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ri and R 2 , taken together 
with the carbon atoms to which they are attached, form an alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; 

R3 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; or a prodrug moiety or an oxygen protecting group; 

R4 is halogen, -OR 4A , -OC(=0)R 4A or -NR 4A R 4B ; wherein R 4A and R 4B are 
independently hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl 
or heteroaryl moiety; a prodrug moiety, a nitrogen protecting group or an oxygen 
protecting group; or R 4A and R 4B , taken together with the nitrogen atom to which 
they are attached, form a heterocyclic or heteroaryl moiety; 
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Rs is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; 

«6 is hydrogen, halogen, -CN, -S(0),_ 2 R 6A , -N0 2 , -COR 6A , -CO^, - 

NR 6A C(=0)R 6B , -NR 6A C(=0)OR 6B , -CONR 6A R 6B , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR 6A ; wherein W is 
independently -O, -S- or -NR 60 -, wherein each occurrence of R 6A , R 6B and R 60 is 
independently hydrogen, or an aliphatic, heteroaliphatic, ahcyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or and Rc, taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

Ra and each occurrence of Kb are independently hydrogen, halogen, -CN, - 
SCCO^R* 1 , -N0 2 , -COR al , -C0 2 R al , -NR^CH^R 82 , -NR^^OR 82 , - 

CONR^R 32 , an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl 
moiety, or -WR al ; wherein W is independently -0-, -S- or -NR 83 -, wherein each 
occurrence of R a , R and R is independently hydrogen, or an aliphatic, 
heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ra and the 
adjacent occurrence of Rj,, taken together with the carbon atoms to which they are 
attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

* 

Rc is hydrogen, halogen, -CN, -S(0)j. 2 R cl , -N0 2 , -COR cl , -C0 2 R cl , - 
! NR^CC^R 02 , -NR^OJOR 02 , -CONR^R* 2 ; an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR cl ; wherein W is 
independently -0-, -S- or -NR 43 -, wherein each occurrence of R cl , R* 2 and R 03 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or Rc and R$, taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

n is an integer from 1 to 5; 

Q is hydrogen, halogen, -CN, -S(0),. 2 R QI , -N0 2 , -COR QI , -C0 2 R Ql , - 

NR Q1 C(=0)R Q2 , -NR Q1 C(=0)OR Q2 , -CONR Q, R Q2 , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR Q1 ; wherein W is 
independently -0-, -S- or -NR Q3 -, wherein each occurrence of R Q1 , R^ and R Q3 is 
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independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; and 

pharmaceutically acceptable derivatives thereof. 
[0240] In certain embodiments, the method further comprises steps of 
diversifying the macrolide obtained in step d to form a macrolactam (i.e. 9 
Migrastatin analog) with the desired functionalization. 

[0241] In certain embodiments, the present invention provides a method for 
preparing a Migrastatin analog having the structure: 



P Q 




said method comprising steps of: 
b. reacting a fragment Q with a compound having the structure: 




OR 3 ; 

under suitable conditions to effect formation of an alcohol adduct having the 

structure: 




OR 3 



b. converting the alcohol adduct formed in step a under suitable conditions to 
form an amine having the structure: 
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reacting the amine formed in step b with a dienoic acid having the structure: 




Rb OH j 

under suitable conditions to effect formation of an olefin having the 

structure: 

OH Q 




0*3 ; and 

subjecting the olefin formed in step c to suitable conditions to effect 
formation of the macrolactam having the structure: 





wherein Ri and R 2 are each independently hydrogen, halogen, -CN, -S(0) N 
2 R 1A , -N0 2 , -COR 1A , -C0 2 R 1A , -NR 1A C(=0)R 1B , -NR IA C(=0)OR IB , -CONR IA R 1B , 
an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or - 
WR 1A ; wherein W is independently -0-, -S- or -NR 1C -, wherein each occurrence of 
R 1A , R 1B and R IC is independently hydrogen, or an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ri and R 2 , taken together 
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with the carbon atoms to which they are attached, form an alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; 

R3 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; or a prodrug moiety or an ojcygen protecting group; 

R4 is halogen, -OR 4A , -OC(=0)R 4A or -NR 4A R 4B ; wherein R 4A and R 4B are 

independently hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl 

or heteroaryl moiety; a prodrug moiety, a nitrogen protecting group or an oxygen 

protecting group; or R 4A and R 4B , taken together with the nitrogen atom to which 

they are attached, form a heterocyclic or heteroaryl moiety; 

Rs is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; 

R6 is hydrogen, halogen, -CN, -S(0),. 2 R 6A , -N0 2 , -COR 6A , -CO^, - 
NR 6A C(=0)R 6B , -NR^^OR 68 , -CONR 6A R 6B , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR 6A ; wherein W is 
independently -0-, -S- or -NR 60 -, wherein each occurrence of R 6A , R 68 and R 60 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety, or R* and R., taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

Ra and each occurrence of Rb are independently hydrogen, halogen, -CN, - 
S(0) U2 K a , -N0 2 , -COR" 1 , -C0 2 R al , -NR^CH^R 82 , -NR^CC^OR 82 , - 
CONR^R 82 , an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl 
moiety, or -WR aI ; wherein W is independently -0-, -S- or -NR 83 -, wherein each 
occurrence of R al , R 82 and R 83 is independently hydrogen, or an aliphatic, 
heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ra and the 
adjacent occurrence of R» taken together with the carbon atoms to which they are 
attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

Rc is hydrogen, halogen, -CN, -S(0),. 2 R cl , -N0 2 , -COR cl , -CQ 2 R cl , - 
NR^CC^R 02 , -NR^CC^OR 02 , -CONR^R 52 ; an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR cl ; wherein W is 
independently -0-, -S- or -NR 03 -, wherein each occurrence of R cl , R 02 and R 03 is 
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independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or Rc and R$, taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 
n is an integer from 1 to 5; 

Q is hydrogen, halogen, -CN, -S(0),_ 2 R Q1 , -N0 2 , -COR Q1 , -C0 2 R Q1 , - 

NR Ql C(==0)R Q2 , -NR Q1 C(=0)OR Q2 , -CONR Q1 R Q2 , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR Q1 ; wherein W is 
independently -0-, -S- or -MR Q3 -, wherein each occurrence of R Ql , R Q2 and R Q3 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; and 

pharmaceutically acceptable derivatives thereof. 
: [0242] In certain embodiments, the method further comprises steps of 
diversifying the macrolide obtained in step e to form a macrolactam 
Migrastatin analog) with the desired functionalization. 

[0243] In certain embodiments, the present invention provides a method for 
preparing a Migrastatin analog having the structure: 




said method comprising steps of: 
a. reacting a fragment Q with a compound having the structure: 




OR 3 



under suitable conditions to effect formation of an A-Q adduct having the structure: 
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b. 



d. 




converting the alcohol adduct formed in step a under suitable conditions to 

form an amine having the structure: 

Q 

Re 




c. reacting the amine formed in step b with an enone having the structure: 




under suitable conditions to effect formation of an olefin having the 

structure: 

Q 




acylating the olefin formed in step c with a suitable reagent under suitable 
conditions to effect formation of an intermediate having the structure: 
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e. 



wherein G is a group suitable to effect ring closure; and 

subjecting the intermediate formed in step d to suitable conditions to effect 

formation of the macrolide having the structure: 



o Q 

YYY * 




wherein Ri and R 2 are each independently hydrogen, halogen, -CN, -S(0),_ 

2 R ,A , -N0 2 , -COR 1A , -C0 2 R 1A , -NR 1A C(=0)R ,B , -NR lA C(=O)0R 1B , -CONR 1A R 1B , 

an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or - 
WR U ; wherein W is independently -O-, -S- or -NR 10 -, wherein each occurrence of 
R ,A , R IB and R IC is independently hydrogen, or an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ri and R 2 , taken together 
with the carbon atoms to which they are attached, form an alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; 

R3 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; or a prodrug moiety or an oxygen protecting group; 

R, is halogen, -OR 4A -0C(=O)R 4A or -NR 4A R 4B ; wherein R 4A and R 4B are 
independently hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl 
or heteroaryl moiety; a prodrug moiety, a nitrogen protecting group or an oxygen 
protecting group; or R 4A and R 4B , taken together with the nitrogen atom to which 
they are attached, form a heterocyclic or heteroaryl moiety; 
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R 5 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; 

is hydrogen, halogen, -CN, -S(0),_ 2 R 6A , -N0 2 , -COR 6A , -C0 2 R 6A , - 
NR 6A C(=0)R 6B ? -NR 6A C(=0)OR 6B , -CONR^R 6 *, an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or - WR 6A ; wherein W is 
independently -0-, -S- or -NR 6C -, wherein each occurrence of R 6A , R 6B and R 6C is 
independently hydrogen; or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or R^ and Rc, taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

R a and each occurrence of Rb are independently hydrogen, halogen, -CN, - 
S(0),. 2 R al , -N0 2 , -COR al , -C0 2 R al , -NR^CH^R 32 , -NR^CH^OR 82 , - 
CONR R , an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl 
moiety, or -WR al ; wherein W is independently -0-, -S- or -NR 83 -, wherein each 
occurrence of R al , R 82 and R 83 is ihdependendy hydrogen, or an aliphatic, 
heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or R, and the 
adjacent occurrence of R>, taken together with the carbon atoms to which they are 
attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 

Rc is hydrogen, halogen, -CN, -S(0),. 2 R cl , -N0 2 , -COR cl , -C0 2 R CI , - 
NR cl C(=0)R c2 , -NR^CC^OR 02 , -CONR cI R a ; an ahphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR cl ; wherein W is 
independently -0-, -S- or -NR 03 -, wherein each occurrence of R cl , R* 2 and R 03 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroahcyclic, 
aryl or heteroaryl moiety; or R. and R$, taken together with me carbon atoms to 
which they are attached, form an alicyclic, heteroahcyclic, aryl or heteroaryl moiety; 

n is an integer from 1 to 5; and 

Q is hydrogen, halogen, -CN, -S(0),. 2 R QI , -N0 2 , -COR Q1 , -C0 2 R Q1 , - 
NR Q, C(=0)R<* 2 , -NRQ'C(=0)OR Q2 , -CONR^R 02 , an ahphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR Q1 ; wherein W is 
independently -0-, -S- or -NR Q3 -, wherein each occurrence of R Q1 , R Q2 and R Q3 is 
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independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; and 

pharmaceutical^ acceptable derivatives thereof. 
[0244] In certain embodiments, G is -P(=0)R r 2 and step e involves subjecting 
the intermediate formed in step d to Homer- Wadsworth-Emmons reaction 
conditions to effect formation of the macrolide. In certain other embodiments, the 
method further comprises steps of diversifying the macrolide obtained in step e to 
form a Migrastatin analog with the desired functionalization. 
[0245] 3) Pharmaceutical Compositions 

[0246] Iin another aspect of the present invention, pharmaceutical compositions 
are provided, which comprise any one of the compounds described herein (or a 
prodrug, pharmaceutical^ acceptable salt or other pharmaceutical^ acceptable 
derivative thereof), and optionally comprise a pharmaceutical^ acceptable carrier, 
adjuvant or vehicle. In certain other embodiments, the compositions of the 
invention are useful for the treatment of cancer and disorders associated with 
metastasis and/or angiogenesis. In certain embodiments, the inventive compositions 
optionally further comprise one or more additional therapeutic agents. In certain 
other embodiments, the additional therapeutic agent is a cytotoxic agent, as 
discussed in more detail herein. In certain other embodiments, the additional 

therapeutic agent is an anticancer agent. In certain embodiments, the anticancer 

■ 

agent is an epothilone, taxol, radicicol or TMC-95A/B. In certain embodiments, the 
epothilone is 12,13-desoxyepothilone B, (E)-9,10-dehydro-12,13-desoxyEpoB and 
26-CF3-(E)-9,10-dehydro-12,13-desoxyEpoB. Alternatively, a compound of this 
invention may be administered to a patient in need thereof in combination with the 
administration of one or more other therapeutic agents. For example, additional 
therapeutic agents for conjoint administration or inclusion in a pharmaceutical 
composition with a compound of this invention may be an antiangiogenesis agent or 
anticancer agent approved for the treatment of cancer, as discussed in more detail 
herein, or it may be any one of a number of agents undergoing approval in the Food 
and Drug Administration that ultimately obtain approval for the treatment of cancer. 
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[0247] As described above, the pharmaceutical compositions of the present 
invention additionally comprise a pharmaceutically acceptable carrier, adjuvant or 
vehicle, which, as used herein, includes any and all solvents, diluents, or other liquid 
vehicle, dispersion or suspension aids, surface active agents, isotonic agents, 
thickening or emulsifying agents, preservatives, solid binders, lubricants and the 
like, as suited to the particular dosage form desired. Remington's Pharmaceutical 
Sciences, Sixteenth Edition, E. W. Martin (Mack Publishing Co., Easton, Pa., 1980) 
discloses various carriers used in formulating pharmaceutical compositions and 
known techniques for the preparation thereof. Except insofar as any conventional 
carrier medium is incompatible with the compounds of the invention, such as by 
producing any undesirable biological effect or otherwise interacting in a deleterious 
manner with any other components) of the pharmaceutical composition, its use is 
contemplated to be within the scope of this invention. Some examples of materials 

♦ 

which can serve as pharmaceutically acceptable carriers include, but are not limited 
to, sugars such as lactose, glucose and sucrose; starches such as corn starch and 
potato starch; cellulose and its derivatives such as sodium carboxymethyl cellulose, 
ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatine; talc; 
excipients such as cocoa butter and suppository waxes; oils such as peanut oil, 
cottonseed oil; safflower oil, sesame oil; olive oil; corn oil and soybean oil; glycols; 
such as propylene glycol; esters such as ethyl oleate and ethyl laurate; agar, 
buffering agents such as magnesium hydroxide and aluminum hydroxide; alginic 
acid; pyrogenfree water; isotonic saline; Ringer's solution; ethyl alcohol, and 
phosphate buffer solutions, as well as other non-toxic compatible lubricants such as 
sodium lauryl sulfate and magnesium stearate, as well as coloring agents, releasing 
agents, coating agents, sweetening, flavoring and perfuming agents, preservatives 
and antioxidants can also be present in the composition, according to the judgment 
of the formulator. 

[0248] Liquid dosage forms for oral administration include, but are not limited 
to, pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, 
syrups and elixirs. In addition to the active compounds, the liquid dosage forms 
may contain inert diluents commonly used in the art such as, for example, water or 
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other solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl 
alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene 
glycol, 1,3-butylene glycol, dimethylformamide, oils (in particular, cottonseed, 
groundnut, corn, germ, olive, castor, and sesame oils), glycerol, telrahydrofujrfuryl 
alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. 
Besides inert diluents, the oral compositions can also include adjuvants such as 
wetting agents, emulsifying and suspending agents, sweetening, flavoring, and 
perfuming agents. 

[0249] Injectable preparations, for example, sterile injectable aqueous or 
oleaginous suspensions may be formulated according to the known art using suitable 
dispersing or wetting agents and suspending agents. The sterile injectable 
preparation may also be a sterile injectable solution, suspension or emulsion in a 
nontoxic parenterally acceptable diluent or solvent, for example, as a solution in 1,3- 
butanediol. Among the acceptable vehicles and solvents that may be employed are 
water, Ringer's solution, U.S.P. and isotonic sodium chloride solution. In addition, 
sterile, fixed oils are conventionally employed- as a solvent or suspending medium. 
For this purpose any bland fixed oil can be employed including synthetic mono- or 
diglycerides. In addition, fatty acids such as oleic acid are used in the preparation of 
injectables. 

[0250] The injectable formulations can be sterilized, for example, by filtration 
through a bacterial-retaining filter, or by incorporating sterilizing agents in the form 
of sterile solid compositions which can be dissolved or dispersed in sterile water or 
other sterile injectable medium prior to use. 

[0251] In order to prolong the effect of a drug, it is often desirable to slow the 
absorption of the drug from subcutaneous or intramuscular injection. This may be 
accomplished by the use of a liquid suspension or crystalline or amorphous material 
with poor water solubility. The rate of absorption of the drug then depends upon its 
rate of dissolution that, in turn, may depend upon crystal size and crystalline form. 
Alternatively, delayed absorption of a parenterally administered drug form is 
accomplished by dissolving or suspending the drug in an oil vehicle. Injectable 
depot forms are made by forming microencapsule matrices of the drug in 
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biodegradable polymers such as polylactide-polyglycolide. Depending upon the 
ratio of drug to polymer and the nature of the particular polymer employed, the rate 
of drug release can be controlled. Examples of other biodegradable polymers 
include (poly(orthoesters) and poly(anhydrides). Depot injectable formulations are 
also prepared by entrapping the drug in liposomes or micro emulsions, which are 
compatible with body tissues. 

[0252] Compositions for rectal or vaginal administration are preferably 
suppositories which can be prepared by mixing the compounds of this invention 
with suitable non-irritating excipients or carriers such as cocoa butter, polyethylene 
glycol or a suppository wax which are solid at ambient temperature but liquid at 
body temperature and therefore melt in the rectum or vaginal cavity and release the 
active compound. 

: [0253] Solid dosage- forms for oral administration include capsules, tablets, pills, 
powders, and granules. In such solid dosage forms, the active compound is mixed 
with at least one inert, pharmaceutical^ acceptable excipient or carrier such as 
sodium citrate or dicalcium phosphate and/or a) fillers or extenders such as starches, 
lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as, for example, 
carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and 
acacia, c) humectants such as glycerol, d) disintegrating agents such as agar— agar, 
calcium carbonate, potato or tapioca starch, . alginic acid, certain silicates, and 
sodium carbonate, e) solution retarding agents such as paraffin, f) absorption 
accelerators such as quaternary ammonium compounds, g) wetting agents such as, 
for example, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin 
and bentonite clay, and i) lubricants such as talc, calcium stearate, magnesium 
stearate, solid polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In 
the case of capsules, tablets and pills, the dosage form may also comprise buffering 
agents. 

[0254] Solid compositions of a similar type may also be employed as fillers in 
soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar as 
well as high molecular weight polyethylene glycols and the like. The solid dosage 
forms of tablets, dragees, capsules, pills, and granules can be prepared with coatings 
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and shells such as enteric coatings and other coatings well known in the 
pharmaceutical formulating art They may optionally contain opacifying agents and 
can also be of a composition that they release the active ingredients) only, or 
preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner. 
Examples of embedding compositions that can be used include polymeric substances 
and waxes. Solid compositions of a similar type may also be employed as fillers in 
soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar as 
well as high molecular weight polethylene glycols and the like. 
[0255] The active compounds can also be in microencapsulated form with one 
or more excipients as noted above. The solid dosage forms of tablets* dragees, 

* 

capsules, pills, and granules can be prepared with coatings and shells such as enteric 
coatings, release controlling coatings and other coatings well known in the 
pharmaceutical formulating art In. such solid dosage forms the active compound 
may be admixed with at least one inert diluent such as sucrose, lactose and starch. « 
Such dosage forms may; also comprise, as in normal practice, additional substances 
other than inert diluents, e.g., tableting lubricants and other tableting aids such as 
magnesium stearate and microcrystalline cellulose. In the case of capsules, tablets 
and pills, the dosage forms may also comprise buffering agents. They may 
optionally contain opacifying agents and can also be of a composition that they 
release the active ingredients) only, or preferentially, in a certain part of the 
intestinal tract, optionally, in a . delayed manner. Examples of embedding 
compositions, which can be used, include polymeric substances and waxes. 
[0256] The present invention encompasses pharmaceutically acceptable topical 
formulations of inventive compounds. The term "pharmaceutically acceptable 
topical formulation", as used herein, means any formulation which is 
pharmaceutically acceptable for intradermal administration of a compound of the 
invention by application of the formulation to the epidermis. In certain embodiments 
of the invention, the topical formulation comprises a carrier system. 
Pharmaceutically effective carriers include, but are not limited to, solvents (e.g., 
alcohols, poly alcohols, water), creams, lotions, ointments, oils, plasters, liposomes, 
powders, emulsions, microemulsions, and buffered solutions (e.g., hypotonic or 
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buffered saline) or any other carrier known in the art for topically administering 

* 

pharmaceuticals. A more complete listing of art-known carriers is provided by 
reference texts that are standard in the art, for example, Remington's Pharmaceutical 
Sciences, 16th Edition, 1980 and 17th Edition, 19S5, both published by Mack 
Publishing Company, Easton, Pa., the disclosures of which are incorporated herein 
by reference in their entireties. In certain other embodiments, the topical 
formulations of the invention may comprise excipients. Any pharmaceutical^ 
acceptable excipient known in the art may be used to prepare the inventive 
pharmaceutically acceptable topical formulations. Examples of excipients th?' ti ~ 
be included in the topical formulations of the invention include, but are not limited 
to, preservatives, antioxidants, : moisturizers, emollients, buffering agents, 
solubilizing agents, other penetration agents, skin protectants, surfactants, and 
propellants, and/or additional therapeutic agents used in combination to the 
inventive compound. Suitable preservatives include, but are not limited to, alcohols, 
quaternary amines, organic acids, parabens, and phenols. Suitable antioxidants 
include, but are not limited to, ascorbic acid and its esters, sodium bisulfite, 
butylated hydroxytoluene, butylated hydroxyanisole, tocopherols, and chelating 
agents like EDTA and citric acid Suitable moisturizers include, but are not limited 
to, glycerine, sorbitol, polyethylene glycols, urea, and propylene glycol. Suitable 
buffering agents for use with the invention include, but are not limited to, citric, 
hydrochloric, and lactic acid buffers. Suitable solubilizing agents include, but are not 
limited to, quaternary ammonium chlorides, cyclodextrins, benzyl benzoate, lecithin, 
and polysorbates. Suitable skin protectants that can be used in the topical : 
formulations of the invention include, but are not limited to, vitamin E oil, allatoin, 
dimethicone, glycerin, petrolatum, and zinc oxide. 

[0257] In certain embodiments, the pharmaceutically acceptable topical 
formulations of the invention comprise at least a compound of the invention and a 
penetration enhancing agent The choice of topical formulation will depend or 
several factors, including the condition to be treated, the physicochemical 
characteristics of the inventive compound and other excipients present, their stability 
in the formulation, available manufacturing equipment, and costs constraints. As 
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used herein the term " penetration enhancing agent " means an agent capable of 
transporting a pharmacologically active compound through the stratum corneum and 
into the epidermis or dermis, preferably, with little or no systemic absorption. A 
wide variety of compounds have been evaluated as to their effectiveness in 
enhancing the rate of penetration of drugs through the skin. See, for example, 
Percutaneous Penetration Enhancers, Maibach H. L and Smith H. E. (eds.), CRC 
Press, Inc., Boca Raton, Fla. (1995), which surveys the use and testing of various 
skin penetration enhancers, and Buyuktimkin et al 9 Chemical Means of 
Transdermal Drug Permeation Enhancement in Transdermal and Topical Drug 
Delivery Systems, Gosh T. K., Pfister W. R., Yum S. I. (Eds.), Interphann Press 
Inc., Buffalo Grove, 111. (1997). In certain exemplary embodiments, penetration 
agents for use with the invention include, but are not limited to, triglycerides (e.g., : 
soybean oil), aloe compositions (e.g., . aloe-vera gel), ethyl alcohol, isopropyl 
alcohol, octolyphenylpolyethylene glycol, oleic acid, polyethylene glycol 400, 
propylene glycol, N-decylmethylsulfoxide, fatty acid esters (e.g., isopropyl 
myristate, methyl laurate, glycerol monooleate, and propylene glycol monooleate) 
and N-methyl pyrrolidone. 

[0258] In certain embodiments, the compositions may be in the form of 
ointments, pastes, creams, lotions, gels, powders, solutions, sprays, inhalants or 
patches. In certain exemplary embodiments, formulations of the compositions 
according to the invention are creams, which may further contain saturated or 
unsaturated fatty acids such as stearic acid, palmitic acid, oleic acid, palmito-oleic : 
acid, cetyl or oleyl alcohols, stearic acid being particularly preferred. Creams of the 
invention may also contain a non-ionic surfactant, for example, polyoxy-40-stearate. 
In certain embodiments, the active component is admixed under sterile conditions 
with a pharmaceutically acceptable carrier, adjuvant or vehicle and any needed 
preservatives or buffers as may be required. Ophthalmic formulation, eardrops, and 
eye drops are also contemplated as being within the scope of this invention. 
Additionally, the present invention contemplates the use of transdermal patches, 
which have the added advantage of providing controlled delivery of a compound to 
the body. Such dosage forms are made by dissolving or dispensing the compound in 
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the proper medium. As discussed above, penetration enhancing agents can also be 
used to increase the flux of the compound across the skin. The rate can be 
controlled by either providing a rate controlling membrane or by dispersing the 
compound in a polymer matrix or gel. 

[0259J It will also be appreciated that the compounds and pharmaceutical 
compositions of the present invention can be formulated and employed in 
combination therapies, that is, the compounds and pharmaceutical compositions can 
be formulated with or administered concurrently with, prior to, or subsequent to, one 
or more other desired therapeutics or medical procedures. The particular 
combination of therapies (therapeutics or procedures) to employ in a combination 
regimen will take into account compatibility, of the desired therapeutics and/or 
procedures and the desired therapeutic effect to be achieved. It will also be 
appreciated that the therapies employed may achieve a desired effect for the same 
disorder (for example, an inventive compound may be administered concurrently 
with another anticancer agent), or they may achieve different effects (e.g., control of 
any adverse effects). 

[0260] For example, other therapies or therapeutic agents that may be used in 
combination with the inventive compounds of the present invention include surgery, 
radiotherapy (in but a few examples, y-radiation, neutron beam radiotherapy, 
electron beam radiotherapy, proton therapy, brachytherapy, and systemic radioactive 
isotopes, to name a -few); endocrine therapy, biologic response modifiers 
(interferons, interleukins, and tumor necrosis factor (TNF) to name a few), 
hyperthermia and cryotherapy, agents to attenuate any adverse effects (e.g., 
antiemetics), and other approved chemotherapeutic drugs, including, but not limited 
to, alkylating drugs (mechlorethamine, chlorambucil, Cyclophosphamide, 
Melphalan, Ifosfamide), antimetabolites (Methotrexate), purine antagonists and 
pyrimidine antagonists (6-Mercaptopurine, 5-Fluorouracil, Cytarabile, 
Gemcitabine), spindle poisons (Vinblastine, Vincristine, Vinorelbine, Paclitaxel), 
podophyllotoxins (Etoposide, Irinotecan, Topotecan), antibiotics (Doxorubicin, 
Bleomycin, Mitomycin), nitrosoureas (Cannustine, Lomustine), inorganic ions 
(Cisplatin, Carboplatin), enzymes (Asparaginase), and hormones (Tamoxifen, 



WO 2004/087672 



112 



PCT/US2004/009380 



Leuprolide, Flutamide, and Megestrol), to name a few. For a more comprehensive 
discussion of updated cancer therapies see, The Merck Manual, Seventeenth Ed. . 
1999, the entire contents of which are hereby incorporated by reference. See also 
the National Cancer Institute (CNI) website (vAVW.nci.nih.gov) and the Food and 
Drug Administration (FDA) website for a list of the FDA approved oncology drugs 
(www.fda.gov/cder/cancer/druglistframe - See Appendix A). 
[0261] In certain embodiments, the pharmaceutical compositions of the present 
invention further comprise one or more additional therapeutically active ingredients 
(e.g., chemotherapeutic and/or palliative). For purposes of the invention, the term 
"Palliative" refers to treatment that is focused on the relief of symptoms of a 
disease and/or side effects of a therapeutic regimen, but is not curative. For 
example, palliative treatment encompasses painkillers, antinausea medications and 
anti-sickness drugs. In addition, chemotherapy, radiotherapy and surgery can all be 
used palliatively (that is, to reduce symptoms without going for cure; e.g., for 
shrinking tumors and reducing pressure, bleeding, pain and other symptoms of 
cancer). 

[0262] 4) Research Uses, Pharmaceutical Uses and Methods of Treatment 
[0263] Research Uses 

[0264] According to the present invention, the inventive compounds may be 
assayed in any of the available assays known in the art for identifying compounds 
having antiangiogenic activity and/or antiproliferative activity. For example, the 
assay may be cellular or non-cellular, in vivo or in vitro, high- or low-throughput 
format, etc. 

[0265] Thus, in one aspect, compounds of this invention which are of particular 
interest include those which: 

• exhibit activity as inhibitors of cell migration; 

• exhibit an antiproliferative and/or an antiangiogenic effect on solid tumors; 
and/or 

® exhibit a favorable therapeutic profile (e.g., safety, efficacy, and stability). 
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[0266] As discussed above, certain of the compounds as described herein exhibit 
activity generally as inhibitors of cell migration and/or angiogenesis. More 
specifically, compounds of the invention act as inhibitors of tumor growth and 
angiogenesis. 

[0267] As detailed in the exemplification herein, in assays to determine the 
ability of compounds to inhibit tumor cell migration (e.g., chamber cell migration 
assay), certain inventive compounds exhibited IC 5 o values < 50 iiM. In certain other 
embodiments, inventive compounds exhibit IC50 values < 40 pM. In certain other 
embodiments, inventive compounds exhibited IC50 values < 30 fiM. In certain other 
embodiments, inventive compounds exhibited IC 50 values < 20 \iM. In certain other 
embodiments, inventive compounds exhibited IC50 values < 10 jiM, In certain other , 
embodiments, inventive compounds exhibited IC50 values < 7.5 \iM. In certain 
embodiments, inventive compounds exhibited IC50 values < 5 \iM. In certain other ; 
embodiments, inventive compounds exhibit IC50 values < 2.5 jiM. In certain 
embodiments, inventive compounds exhibited IC50 values < 1 |iM. In certain other 
embodiments, inventive compounds exhibited IC50 values < 750 nM. In certain 
other embodiments, inventive compounds exhibited IC50 values < 500 nM In certain 
other embodiments, inventive compounds exhibited IC50 values < 250 nM. In certain 
other embodiments, inventive compounds exhibited IC50 values < 100 nM. In other 
embodiments, exemplary compounds exhibited IC50 values < 75 nM. «In other 
embodiments, exemplary compounds exhibited IC50 values < 50 nM. In other 
embodiments, exemplary compounds exhibit IC50 values < 40 nM. In other 
embodiments, exemplary compounds exhibited IC50 values < 30 nM. In other 
embodiments, exemplary compounds exhibited IC 50 values < 25 nM. 
[0268] As detailed in the exemplification herein, in assays to determine the 
ability of compounds to inhibit tumor cell proliferation, certain inventive 
compounds exhibit IC 50 values < 200 fiM. In certain other embodiments, inventive 
compounds exhibit IC 50 values < 150 \M. In certain other embodiments, inventive 
compounds exhibit IC50 values < 100 ^iM. In certain other embodiments, inventive 
compounds exhibit IC 50 values < 50 |iM. In certain other embodiments, inventive 
compounds exhibit IC50 values < 1 0 jxM. In certain other embodiments, inventive 
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compounds exhibit IC50 values < 7.5 jiM. In certain embodiments, inventive 
compounds exhibit IC50 values < 5 fiM. In certain other embodiments, inventive 
compounds exhibit IC50 values < 2.5 jxM. In certain embodiments, inventive 
compounds exhibit IC50 values < 1 jiM. In certain other embodiments, inventive 
compounds exhibit IC50 values < 750 nM. In certain other embodiments, inventive 
compounds exhibit IC50 values < 500 nM. In certain other embodiments, inventive 
compounds exhibit IC50 values < 250 nM. In certain other embodiments, inventive 
compounds exhibit IC50 values < 100 nM. In other embodiments, exemplary 
compounds exhibit IC50 values < 75 nM. In other embodiments, exemplary 
compounds exhibit IC50 values < 50 nM. . 

[0269] In certain embodiments, the present invention provides methods for 
identifying Migrastatin analogs useful in the preparation of pharmaceutical 
compositions for the treatment of various disorders including cancer, metastasis and 
disorders involving increased angiogenesis. 

[0270] In certain exemplary embodiments, there is provided a method for 
identifying Migrastatin analogs having anti-angiogenic activity, the method 
comprising steps of: 

a. contacting a compound with a plurality of cells, whereby the compound 

has the structure: 




(I) 

or pharmaceutical^ acceptable derivative thereof; 

wherein Ri and R 2 are each independently hydrogen, halogen, -CN, -S(0) lw 

2 R 1A , -N0 2 , -COR 1A , -C0 2 R ,A , -NR 1A C(0)R IB , -NR 1A C(=0)OR 1B , -CONR 1A R ,B , 

an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or - 
WR lA ; wherein W is independently -0-, -S- or -NR 1C -, wherein each occurrence of 
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R , R 1B and R lc is independently hydrogen, or an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or R x and R 2 , taken together 
with the carbon atoms to which they are attached, form an alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; 

R 3 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; or a prodrug moiety or an oxygen protecting group; 

Rs is halogen, -OR 4A , -OC(=0)R 4A or -NR 4A R 4B ; wherein R 4A and R 4B are 
independently hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl 
or heteroaryl moiety; a prodrug moiety, a nitrogen protecting group or an oxygen 
protecting group; or R 4A and R 4B , taken together with the nitrogen atom to which 
they are attached, form a heterocyclic or heteroaryl moiety 

R 5 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; 

■ 

R« is hydrogen, halogen, -CN, -S(0),. 2 R 6A , -N0 2 , -COR**, -COjR 6 *, - 
NR 6A C(=0)R 6B , -NR 6A C(=0)OR 6B , -CONR 6A R 5B , an aUphatic, heteroaUphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR 6A ; wherein W is 
independently -O-, -S- or -NR 60 -, wherein each occurrence of R 6 *, R 6B and R 6C is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety, or Re and Rc, taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety, 

Ra and each occurrence of R b are independently hydrogen, halogen, -CN, - 
S(0),. 2 R al , -NO z , -COR al , -CO^ 1 , -NR^C^R" 2 , -NR^-COOR" 2 , - 
CONR R , an aliphatic, heteroaliphatic, aUcydic, heteroalicychc, aryl or heteroaryl 
moiety, or -WR al ; wherein W is independently -O-, -S- or -NR* 3 -, wherein each 
occurrence of R al , R" 2 and R 33 is independently hydrogen, or an aUphatic, 
heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ra and the 
adjacent occurrence of Rb, taken together with the carbon atoms to which they are 
attached, form an alicyclic, heteroalicychc, aryl or heteroaryl moiety; 

Rc is hydrogen, halogen, -CN, -S(0),. 2 R cl , -N0 2 , -COR cl , -C0 2 R cl , - 
NR^CeCOR* 2 , -NR cl C(=O)0R c2 , -CONR c, R<*; an aliphatic, heteroaUphatic, 
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alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR cl ; wherein W is 
independently -0-, -S- or -NR 03 -, wherein each occurrence of R cl , R a and R 03 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or Rc and R& taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryl moiety; 
a is an integer from 1 to 5; 

Xi is O, S, NR X1 or CR XI R X2 ; wherein R X1 and R* 2 are independently 
hydrogen, halogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety, or a nitrogen protecting group; 

Q is hydrogen, halogen, -CN, -S(p) x JL Ql 9 -N0 2 , -COR Q1 , -C0 2 R Q1 , - 
NR Q, C(=0)R Q2 , -NR Q, G(=0)OR Q2 , -CONR Q1 R Q2 , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR Q1 ; wherein W is 
independently -O-, -S- or -NR Q3 -, wherein each occurrence of R QI , R Q2 and R Q3 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; 

Yi and Y 2 are independently hydrogen, an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or -WR YI ; wherein W is 
independently -O-, -S- or -NR^-, wherein each occurrence of R Y1 and R* 2 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or Yi and Y 2 together with the carbon atom to which they 

<_ / w rY1 * / Y1 

>=0 >=< >=N 

are attached form a moiety having the structure: X , X rY2 ? \ , j 
^ or^ ;and 



b. evaluating the effect of the compound on the complexity of the tube 

network among the cells. 
[0241] In certain embodiments, the compound being contacted with the plurality 
of cells is at a concentration < 200^iM. In certain exemplary embodiments, the 
compound has the following stereochemistry: 
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[0242] In certain embodiments, in the method described directly above, the step 
of evaluating comprises comparing the disturbance of the complexity of the tube 

■ 

network with that observed for cells exposed to a reference Migrastatin 
concentration. In certain exemplary embodiments, the reference Migrastatin 
concentration is about 100(xM. In certain exemplary embodiments, the reference 
Migrastatin concentration is about 75nM. In certain exemplary embodiments, the 

* 

reference Migrastatin concentration is about 50^M. In certain exemplary 

■ 

embodiments, the reference Migrastatin concentration is about 30^iM. 
[0271] In certain embodiments, the method is for identifying Migrastatin 
analogs useful in the preparation of pharmaceutical compositions for the treatment 
of angiogenesis-related disorders. 

[0272] In certain other embodiments, the invention provides a highthroughput 
method for identifying Migrastatin analogs having anti-angiogenic activity, the 
method comprising steps of: 

a. introducing in each of a plurality of reaction vessels: 

a plurality of cells; and 

one or more test compounds with having the structure (I) as defined 
generally above and in classes and subclasses herein; or pharmaceutically 
acceptable derivative thereof; and 

b. evaluating in each reaction vessel the effect of the test compound on 
the complexity of the tube network in the cells. 

[0243] In certain embodiments, the test compound being contacted with the 
plurality of cells is at a concentration < 200jiM. In certain exemplary embodiments, 
the test compound has the following stereochemistry: 
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[0244] In certain embodiments, in the method described directly above, the step 
of evaluating comprises comparing the disturbance of the complexity of the tube 
network in each reaction vessel with that observed for cells exposed to a reference 
Migrastatin concentration. In certain exemplary embodiments, the reference 
Migrastatin concentration is about lOO^iM. In certain exemplary embodiments, the 
reference Migrastatin concentration is about 75jiM. In certain exemplary 
embodiments, the reference Migrastatin concentration is about 50jiM. In certain 
exemplary embodiments, the reference Migrastatin concentration is about 30|iM. 
[0273] In certain embodiments, the method is for identifying Migrastatin 
analogs useful in the preparation of pharmaceutical compositions for the treatment 
of angiogenesis-related disorders. 

[0274] In certain exemplary embodiments, there is provided a method for 
identifying Migrastatin analogs having cell migration inhibitory activity, the method 
comprising steps of: 

a. providing a plurality of cells; 

b. applying a scratch to the cell layer surface; 

c. contacting the cells with a compound having the structure (I) as defined 
generally above and in classes and subclasses herein; or pharmaceutically 
acceptable derivative thereof; and 

b. evaluating the wound healing effect of the compound on the cells. 
[0245] In certain embodiments, the compound being contacted with the plurality 
of cells is at a concentration < 200fxM. In certain exemplary embodiments, the 
compound has the following stereochemistry: 
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I0246J In certain embodiments, in the method described directly above, the step 
of evaluating comprises comparing the compound wound healing effect with that 
observed for cells exposed to a reference Migrastatin concentration. In certain 
exemplary embodiments, the reference Migrastatin concentration is about lOOuM. 
In certain exemplary embodiments, the reference Migrastatin concentration is about 
75uM. In certain exemplary embodiments, the reference Migrastatin concentration 
is about 50uM. In certain exemplary embodiments, the reference Migrastatin 
concentration is about 30uM. 

[0247] m certain embodiments, the method is for identifying Migrastatin 
analogs useful in the preparation of pharmaceutical compositions for the treatment 
of metastasis-related disorders 

* 

[0248] In certain embodiments, the method may be adapted to high-throughput 
format wherein the cells and test compounds are introduced and assayed in each of a .. 
plurality of reaction vessels. For example, in certain embodiments, there is provided 
a highthroughput method for identifying Migrastatin analogs having cell migration 
inhibitory activity, the method comprising steps of: 

a introducing a plurality of cells in each of a plurality of reaction vessels; 

b. in eacb reaction vessel, applying a scratch to the cell layer surface; 

c. contacting the cells, in each reaction vessel, with one or more test 
compounds having the structure (I) as defined generally above and in classes 
and subclasses herein; or pharmaceutically acceptable derivative thereof; and 

d. evaluating the wound healing effect of the test compound on the cells in 
each reaction vessel. 



ft 
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[0249] In certain embodiments, the test compound being contacted with the 
plurality of cells is at a concentration < 200nM. In certain exemplary embodiments, 
the test compound has the following stereochemistry: 

Y \/ 2 f 



[0250] In certain embodiments, in the method described directly above, the step 
of evaluating comprises comparing the compound wound healing effect in each 
reaction vessel with that observed for cells exposed to a reference Migrastatin 
concentration. In certain exemplary embodiments, the reference Migrastatin 
concentration is about 100|iM. In certain exemplary embodiments, the reference 
Migrastatin concentration is about 75nM. In certain exemplary embodiments, the 
reference Migrastatin concentration is about SO^M. In certain exemplary 
embodiments, the reference Migrastatin concentration is about 30jiM. 
[0275] In certain embodiments, the method is for identifying Migrastatin 
analogs useful in the preparation of pharmaceutical compositions for the treatment 
of angiogenesis-related disorders. 

[0251] In certain other exemplary embodiments, there is provided a method for 
identifying Migrastatin analogs having cell migration inhibitory activity, comprising 
steps of: 

a. introducing a plurality of cells into an upper compartment; 

b. introducing a test compound having the structure (I) as defined generally 
above and in classes and subclasses herein; or pharmaceutically acceptable 
derivative thereof; into the upper compartment and a lower compartment, whereby 
the lower compartment is separated from the upper compartment by a cell- 
permeable membrane; and 

c. assessing cell migration from the upper to the lower compartment after a 
given period of time. 



WO 2004/087672 



121 



PCT/US2004/009380 



[0252] In certain embodiments, the compound being contacted with the plurality 
of cells is at a concentration < 200uM. In certain exemplary embodiments, the 
compound has the following stereochemistry: 




[0253] In certain embodiments, in the method described directly above, the step 
of evaluating comprises comparing cell migration from the upper to the lower 
compartment with that observed for cells exposed to a reference Migrastatin 
concentration after about the same period of time. In certain exemplary 
embodiments, the reference Migrastatin concentration is about lOOuM. In certain 
exemplary embodiments, the reference Migrastatin concentration is about 75pM. In 
certain exemplary embodiments, the reference Migrastatin concentration is about 
50uM. In certain exemplary embodiments, the reference Migrastatin concentration 
is about 30uM. 

[0254] In certain embodiments, the method is for identifying Migrastatin 
analogs useful in the preparation of pharmaceutical compositions for the treatment 
of metastasis-related disorders. 

[0255] In certain embodiments, the memod may be adapted to high-throughput 
format wherein the cells and test compounds are introduced and assayed in each of a 
plurality of reaction vessels. For example, in certain embodiments, there is provided 
a highthroughput method for identifying Migrastatin analogs having cell migration 
inhibitory activity, the method comprising steps of: 

a. providing a plurality of reaction vessels, each comprising an upper and 
lower compartment separated by a cell-permeable membrane; 

b. introducing a plurality of cells into the upper compartment of each of the 
plurality of reaction vessels; 
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c. introducing a test compound having the structure (£) as defined generally 
above and in classes and subclasses herein; or phannaceutically acceptable 
derivative thereof; into the upper and lower compartment of each of the plurality of 
reaction vessels; and 

d. in each reaction vessel, assessing cell migration from the upper to the 
lower compartment after a given period of time. 

[0256] In certain embodiments of each of the highthroughput methods described 
above, a different concentration of the same test compound is introduced in each 
reaction vessel. In certain other embodiments, a different test compound is 
introduced in each reaction vessel. In certain embodiments, a different 

*« ■ 

concentration of the same test compound is introduced in a subset of the reaction 
vessels; and a different test compound is introduced in another subset of the reaction 

» * 

vessels. 

[0257] In certain embodiments, a highthroughput method according to the 
present invention is practiced with dense arrays of reaction vessels. Preferably, the 
center-to-center distance between reaction vessels is less than about 8.5 mm. More 
preferably, the distance is less than 4.5 mm. Even more preferably the distance is 
less than approximately 2.25 mm. Most preferably, the distance is less than 
approximately 1 mm. In certain embodiments, the method is performed with a 48- 

♦ 

well culture dish. 

[0258] Conventional high throughput screens are often performed in 
commercially available 48- or 96-well plates (see, for example, Rice et al. Anal 
Biochem. 241:254-259. 1996). Such plates may be utilized according to the present 
invention. However, denser arrays are generally preferred, though it is appreciated 
that such arrays may desirably have the same external dimensions of a standard 48- 
or 96-well plate in order to facilitate automation using available equipment Plates 
containing 384 (Nalge Nunc International, Naperville, IL; Greiner America, Lake 
Mary, FL; Corning Costar, Coming, NY) or 1536 (Greiner America, Lake Mary, 
FL) wells have recently become commercially available and may be used in the 
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practice of the present invention. In certain embodiments, a highthroughput method 
according to the present invention is compatible with any or all of these array 
formats. 

[0259] Pharmaceutical Uses and Methods of Treatment 

[0260] In yet another aspect, the present invention provides methods of 
treatment of various disorders, including those associated with metastasis and/or 
increased angiogenic activity. In certain embodiments, according to the methods of 

* 

treatment of the present invention, metastasis and/or the growth of tumor cells is 
inhibited by contacting said tumor cells with an inventive compound or composition, 
as described herein. 

10261] Accordingly, in another aspect of the invention, methods for the 
treatment of cancer are provided comprising administering a therapeutically 
effective amount of a compound of formula (I), as described herein, to a subject in 
need thereof. In certain embodiments, a method for the treatment of cancer is 
provided comprising administering a therapeutically effective amount of an 
inventive compound, or a pharmaceutical composition comprising an inventive 

m 

compound to a subject in need thereof, in such amounts and for such time as is 
necessary to achieve the desired result 

[0262] In certain embodiments, the method involves the administration of a 
therapeutically effective amount of the compound or a pharmaceutically acceptable 
derivative thereof to a subject (including, but not limited to a human or animal) in 
need of it. In certain embodiments, the inventive compounds as useful for the 
treatment of cancer (including, but not limited to, glioblastoma, retinoblastoma, 
breast cancer, cervical cancer, colon and rectal cancer, leukemia, lymphoma, lung 
cancer (including, but not limited to small cell lung cancer), melanoma and/or skin 
cancer, multiple myeloma, non-Hodgkin's lymphoma, ovarian cancer, pancreatic 
cancer, prostate cancer and gastric cancer, bladder cancer, uterine cancer, kidney 
cancer, testicular cancer, stomach cancer, brain cancer, liver cancer, or esophageal 
cancer). 
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[0263] As discussed above, the compounds of the present invention are inhibit 
metastasis of tumor cells and/or inhibiting the growth of tumor cells. In general, the 
inventive anticancer agents are useful in the treatment of cancers and other 
proliferative disorders, including, but not limited to breast cancer, cervical cancer, 
colon and rectal cancer, leukemia, lung cancer, melanoma, multiple myeloma, non- 
Hodgkin's lymphoma, ovarian cancer, pancreatic cancer, prostate cancer, and gastric 
cancer, to name a few. In certain embodiments, the inventive anticancer agents are 
active against leukemia cells and melanoma cells, and thus are useful for the 
treatment of leukemias (e.g., myeloid, lymphocytic, myelocytic and lymphoblastic 
leukemias) and malignant melanomas. In still other embodiments, the inventive 
anticancer agents are active against solid tumors. 

[0264] In certain embodiments, the present invention provides a method for 
preventing metastasis of tumor cells in a subject comprising administering to a 
subject (including, but not limited to, a human or animal) in need thereof a 

■ 

therapeutically effective amount of a compound of the invention and a 
pharmaceuticaily acceptable carrier, adjuvant or vehicle. In certain exemplary 
embodiments, the method is used to prevent metastasis of prostate, breast, colon, 
bladder, cervical, skin, testicular, kidney, ovarian, stomach, brain, liver, pancreatic 
or esophageal cancer or lymphoma, leukemia, or multiple myeloma, to name a few. 
[0265] In another aspect, the present invention provides methods for decreasing 
migration of tumor cells. In a further aspect, the present invention provides methods 
for decreasing anchorage-independent growth of tumor cells. In yet a further aspect, 
the present invention provides methods for inhibiting angiogenesis. 
[0266] In yet another aspect, the present invention provides methods for 
preventing unwanted angiogenesis in a subject (including, but not limited to, a 
human or animal). 

[0267] As used herein, the term "angiogenesis" means the generation of new 
blood vessels into a tissue or organ. Under normal physiological conditions, humans 
or animals only undergo angiogenesis in very specific restricted situations. For 
example, angiogenesis is normally observed in wound healing, fetal and embryonal 
development and formation of the corpus luteum, endometrium and placenta. The 
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control of angiogenesis is a highly regulated system of angiogenic stimulators and 
inhibitors. The control of angiogenesis has been found to be altered in certain 
disease states and, in many cases, the pathological damage associated with the 
disease is related to the uncontrolled angiogenesis. 

[026SJ Both controlled and uncontrolled angiogenesis are thought to proceed in 
a similar manner. Endothelial cells and pericytes, surrounded by a basement 
membrane, form capillary blood vessels. Angiogenesis begins with the erosion of 
the basement membrane by enzymes released by endothelial cells and leukocytes. 
The endothelial cells, which line the lumen of blood vessels, then protrude through 
the basement membrane. Angiogenic stimulants induce the endothelial cells to 
migrate through the eroded basement membrane. The migrating cells form a 
"sprout" off the parent blood vessel, where the endothelial cells undergo mitosis and 
proliferate. The endothelial sprouts merge with each other to form capillary loops, 
creating the new blood vessel. In the disease state, prevention of angiogenesis could 
avert the damage caused by the invasion of the new microvascular system. 
[0269] Persistent, unregulated angiogenesis occurs in a multiplicity of disease 
states, tumor metastasis and abnormal growth by endothelial cells and supports the 
palhological damage seen in these conditions. The diverse pathological states 
created due to unregulated angiogenesis have been grouped together as angiogenic 
dependent or angiogenic associated diseases. Therapies directed at control of the 
angiogenic processes could lead to the abrogation or mitigation of Ihese diseases. 
[0270] One example of a disease involving an angiogenic process is ocular 
neovascular disease. This disease is characterized by invasion of new blood vessels 
into the structures of the eye such as the retina or cornea It is the most common 
cause of blindness and is involved in approximately twenty eye diseases. In age- 
related macular degeneration, the associated visual problems are caused by an 
ingrowth of chorioidal capillaries through defects in Bruch's membrane with 
proliferation of fibrovascular tissue beneath the retinal pigment epithelium. 
Angiogenic damage is also associated with diabetic retinopathy, retinopathy of 
prematurity, corneal graft rejection, neovascular glaucoma and retrolental 
fibroplasia Other diseases associated with corneal neovascularization include, but 
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are not limited to, epidemic keratoconjunctivitis, Vitamin A deficiency, contact lens 
overwear, atopic keratitis, superior limbic keratitis, pterygium keratitis sicca, 
sjogrens, acne rosacea, phylectenulosis, syphilis, Mycobacteria infections, lipid 
degeneration, chemical burns, bacterial ulcers, fungal ulcers, Herpes simplex 
infections, Herpes zoster infections, protozoan infections, Kaposi's sarcoma, 
Mooren's ulcer, Terrien's marginal degeneration, mariginal keratolysis, rheumatoid 
arthritis, systemic lupus, polyarteritis, trauma, Wegener's sarcoidosis, scleritis, 
Stevens-Johnson disease, pemphigoid, radial keratotomy, and corneal graph 
rejection. 

[0271J Diseases associated with retinal/choroidal neovascularization include, but 
are not limited to, diabetic retinopathy, macular degeneration, sickle cell anemia, 
sarcoid, syphilis, pseudoxanthoma elasticum, Paget's disease, vein occlusion, artery 
occlusion, carotid obstructive disease, chronic uveitis/vitritis, mycobacterial 
infections, Lyme's disease, systemic lupus erythematosis, retinopathy of prematurity, 
Eales' disease, Behcet's disease, infections causing a retinitis or choroiditis, 
presumed ocular histoplasmosis, Best's disease, myopia, optic pits, Stargardt's 
disease, pars planitis, chronic retinal detachment, hyperviscosity syndromes, 
toxoplasmosis, trauma and post-laser complications. Other diseases include; but are 
not limited to, diseases associated with rubeosis (neovasculariation of the angle) and 
diseases caused by the abnormal proliferation of fibrovascular or fibrous tissue 
including all forms of proliferative vitreoretinopathy. 

[0272J Another disease in which angiogenesis is believed to be involved is 
rheumatoid arthritis. The blood vessels in the synovial lining of the joints undergo 
angiogenesis. In addition to forming new vascular networks, the endothelial cells 
release factors and reactive oxygen species that lead to pannus growth and cartilage 
destruction. The factors involved in angiogenesis may actively contribute to, and 
help main t ain, the chronically inflamed state of rheumatoid arthritis. 
[0273] Factors associated with angiogenesis may also have a role in 
osteoarthritis. The activation of the chondrocytes by angiogenic-related factors 
contributes to the destruction of the joint At a later stage, the angiogenic factors 
would promote new bone formation. Therapeutic intervention that prevents the bone 
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destruction could halt the progress of the disease and provide relief for persons 
suffering with arthritis. 

[0274] Chronic inflammation may also involve pathological angiogenesis. Such 
disease states as ulcerative colitis and Crohn's disease show histological changes 
with the ingrowth of new blood vessels into the inflamed tissues. Bartonellosis, a 
bacterial infection found in South America, can result in a chronic stage that is 
characterized by proliferation of vascular endothelial cells. Another pathological 
role associated with angiogenesis is found in atherosclerosis. The plaques formed 
within the lumen of blood vessels have been shown to have angiogenic stimulatory 
activity. 

[0275] One of-the-most frequent angiogenic diseases of childhood is the 
hemangioma In most cases, the tumors are benign and regress without intervention. 
In more severe cases, the tumors progress to large cavernous and infiltrative forms 
and create clinical complications. Systemic forms of hemangiomas, the 
hemangiomatoses, have a high mortality rate. Therapy-resistant hemangiomas exist 
that cannot be treated with therapeutics currently in use. 

[0276] Angiogenesis is also responsible for damage found in hereditary diseases 
such as Osier- Weber-Rendu disease, or hereditary hemorrhagic telangiectasia. This 
is an inherited disease characterized by multiple small angiomas, tumors of blood or 
lymph vessels. The angiomas are found in the skin and mucous membranes, often 
accompanied by epistaxis (nosebleeds) or gastrointestinal bleeding and sometimes 
with pulmonary or hepatic arteriovenous fistula. 

[0277] Angiogenesis is prominent in solid tumor formation and metastasis. 
Angiogenic factors have been found associated with several solid tumors such as 
rhabdomyosarcomas, retinoblastoma, Ewing sarcoma, neuroblastoma, and 
osteosarcoma. A tumor cannot expand without a blood supply to provide nutrients 
and remove cellular wastes. Tumors in which angiogenesis is important include 
solid tumors, and benign tumors such as acoustic neuroma, neurofibroma, trachoma 
and pyogenic granulomas. Prevention of angiogenesis could halt the growth of these 
tumors and the resultant damage to the animal due to the presence of the tumor. 
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[0278] It should be noted that angiogenesis has been associated with blood-born 
tumors such as leukemias, any of various acute or chronic neoplastic diseases of the 
bone marrow in which unrestrained proliferation of white blood cells occurs, usually 
accompanied by anemia, impaired blood clotting, and enlargement of the lymph 
nodes, liver, and spleen. It is believed that angiogenesis plays a role in the 
abnormalities in the bone marrow that give rise to leukemia-like tumors. 
[0279] Angiogenesis is important in two stages of tumor metastasis. The first 
stage where angiogenesis stimulation is important is in the vascularization of the 
tumor which allows tumor cells to enter the blood stream and to circulate throughout 
the body. After the tumor cells have left the primary site, and have settled into the 
secondary, metastasis site, angiogenesis must occur before the new tumor can grow 
and expand. Therefore, prevention of angiogenesis could lead to the prevention of 
metastasis of tumors and possibly contain the neoplastic growth at the primary site. 
[0280] Knowledge of the role of angiogenesis in the maintenance and metastasis 
of tumors has led to a prognostic indicator for breast cancer. The amount of 
neovascularization found in the primary tumor was determined by counting the 

* 

microvessel density in the area of the most intense neovascularization in invasive 

» 

breast carcinoma. A high level of microvessel density was found to correlate with 
tumor recurrence. Control of angiogenesis by therapeutic means could possibly lead 
to cessation of the recurrence of the tumors. 

[0281] Angiogenesis is also involved in normal physiological processes such as 
reproduction and wound healing. Angiogenesis is an important step in ovulation and 
also in implantation of the blastula after fertilization. Prevention of angiogenesis 
could be used to induce amenorrhea, to block ovulation or to prevent implantation 
by the blastula 

[0282] In wound healing, excessive repair or fibroplasia can be a detrimental 
side effect of surgical procedures and may be caused or exacerbated by 
angiogenesis. Adhesions are a frequent complication of surgery and lead to 
problems such as small bowel obstruction. 
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[0283] Accordingly, in one aspect, the present invention provides method to 
inhibit unwanted angiogenesis in a subject (including, but not limited to, a human or 
animal). 

[0284] In another aspect, the present invention provides a method for the 
treatment for diseases mediated by angiogenesis. 

[0285] In another aspect, the present invention provides a method for the 
treatment for macular degeneration. 

[0286] In another aspect, the present invention provides a method for the 
treatment for all forms of proliferative vitreoretinopathy including those forms not 
associated with diabetes. 

[0287] In another aspect, the present invention provides a method for the 
treatment for solid tumors. 

[0288] In another aspect^ the present invention provides a method for the 

* 

treatment of blood-borne tumors, such as leukemia. 

[0289] In another aspect, the present invention provides a method for the 
treatment of hemangioma. 

[0290] In another aspect, the present invention provides a method for the 
treatment of retrolental fibroplasia 

[0291] In another aspect, the present invention provides a method for the 
treatment of psoriasis. 

[0292] In another aspect, the present invention provides a method for the 
treatment of Kaposi's sarcoma. 

[0293] In another aspect, the present invention provides a method for the 
treatment of Crohn's disease. 

[0294] In another aspect, the present invention provides a method for the 
treatment of diabetic retinopathy. 

[0295] Thus, in certain embodiments, the invention provides a method for 
preventing unwanted angiogenesis in a subject (including, but not limited to, a 
human or animal) comprising administering to a subject in need thereof a 
therapeutically effective amount of the compound of the invention in an amount 
effective to inhibit angiogenesis. 
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[0296] In certain other embodiments, the invention provides a method for 
treating an angiogenesis-dependent disease in a subject (including, but not limited 
to, a human or animal) comprising administering to a subject in need thereof a 
therapeutically effective amount of the compound of the invention in an amount 
effective to inhibit angiogenesis. 

[0297] Diseases associated with corneal neovascularization that can be treated 
according to the present invention include but are not limited to, diabetic 
retinopathy, retinopathy of prematurity, corneal graft rejection, neovascular 
glaucoma and retrolental fibroplasia, epidemic keratoconjunctivitis, Vitamin A 
deficiency, contact lens overwear, atopic keratitis, superior limbic keratitis, 
pterygium keratitis sicca, sjogrens, acne rosacea, phylectenulosis, syphilis, 
Mycobacteria infections, lipid degeneration, chemical bums, bacterial ulcers, fungal 
ulcers, Herpes simplex infections, Herpes zoster infections, protozoan infections, 

* 

Kaposi's sarcoma, Mooren's ulcer, Tenien's marginal degeneration, mariginal 
keratolysis, trauma, rheumatoid arthritis, systemic lupus, polyarteritis, Wegener's 
sarcoidosis, scleritis, Stevens- Johnson disease, pemphigoid, radial keratotomy, and 
corneal graph rejection. 

[0298] Diseases associated with retinal/choroidal neovascularization that can be 
treated according to the present invention include, but are not limited to. diabetic 
retinopathy, macular degeneration, sickle cell anemia, sarcoid, syphilis, 
pseudoxanthoma elasticum, Paget's disease, vein occlusion, artery occlusion, carotid 
obstructive disease, chronic uveitis/vitritis, mycobacterial infections, Lyme's 
disease, systemic lupus erythematosis, retinopathy of prematurity, Eales' disease, 
Behcet's disease, infections causing a retinitis or choroiditis, presumed ocular 
histoplasmosis, Besfs disease, myopia, optic pits, Stargardt's disease, pars planitis, 
chronic retinal detachment, hyperviscosity syndromes, toxoplasmosis, trauma and 
post-laser complications. Other diseases include, but are not limited to, diseases 
associated with rubeosis (neovasculariation of the angle) and diseases caused by the 

■ 

abnormal proliferation of fibrovascular or fibrous tissue including all forms of 
proliferative vitreoretinopathy, whether or not associated with diabetes. 
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[0299J Diseases associated with chronic inflammation can be treated by the 
compositions and methods of the present invention. Diseases with symptoms of 
chronic inflammation include inflammatory bowel diseases such as Crohn's disease 
and ulcerative colitis, psoriasis, sarcoidosis and rheumatoid arthritis. Angiogenesis is 
a key element that these chronic inflammatory diseases have in common. The 
chronic inflammation depends on continuous formation of capillary sprouts to 
maintain an influx of inflammatory cells. The influx and presence of the 
inflammatory cells produce granulomas and thus, maintains the chronic 
inflammatory state. Inhibition of angiogenesis by the compositions and methods of 
the present invention would prevent the formation of the granulomas and alleviate 
the disease. 

[0300] The compositions and methods of the present invention can be used to 
treat patients with inflammatory bowel diseases such as Crohn's disease and 
ulcerative colitis. Both Crohn's disease and ulcerative colitis are characterized by 
chronic inflammation and angiogenesis at various sites in the gastrointestinal tract. 
Crohn's disease is characterized by chronic granulomatous inflammation throughout 
the gastrointestinal tract consisting of new capillary sprouts surrounded by a cylinder 
of inflammatory cells. Prevention of angiogenesis by the compositions and methods 
of the present invention inhibits the formation of the sprouts and prevents the 
formation of granulomas. 

[0301] Crohn's disease occurs as a chronic transmural inflammatory disease that 
most commonly affects the distal ileum and colon but may also occur in any part of 
the gastrointestinal tract from the mouth to the anus and perianal area. Patients with 
Crohn's disease generally have chronic diarrhea associated with abdominal pain, 
fever, anorexia, weight loss and abdominal swelling. Ulcerative colitis is also a 
chronic, nonspecific, inflammatory and ulcerative disease arising in the colonic 
mucosa and is characterized by the presence of bloody diarrhea. 
[03021 The inflammatory bowel diseases also show extraintestinal 
manifestations such as skin lesions. Such lesions are characterized by inflammation 
and angiogenesis and can occur at many sites other than the gastrointestinal tract 
The compositions and methods of the present invention are also capable of treating 
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these lesions by preventing the angiogenesis, thus reducing the influx of 
inflammatory cells and the lesion formation. 

[0303] Sarcoidosis is another chronic inflammatory disease that is characterized 
as a multisystem granulomatous disorder. The granulomas of this disease may form 
anywhere in the body and thus the symptoms depend on the site of the granulomas 
and whether the disease active. The granulomas are created by the angiogenic 
capillary sprouts providing a constant supply of inflammatory cells. 
[0304] The compositions and methods of the present invention can also treat the 
chronic inflammatory conditions associated with psoriasis. Psoriasis, a skin disease, 
is another chronic and recurrent disease that is characterized by papules and plaques 
of various sizes. Prevention of the formation of the new blood vessels necessary to 
maintain the characteristic lesions leads to relief from the symptoms. 
[0305] Another disease which can be treated according to the present invention 
is rheumatoid arthritis. Rheumatoid arthritis is a chronic inflammatory disease 
characterized by nonspecific inflammation of the peripheral joints. It is believed that 
the blood vessels in the synovial lining of the joints undergo angiogenesis. In 
addition to forming new vascular networks, the endothelial cells release factors and 
reactive oxygen species that lead to pannus growth and cartilage destruction. The 
factors involved in angiogenesis may actively contribute to, and help maintain, the 
chronically inflamed state of rheumatoid arthritis. Another disease that can be 
treated according to the present invention are hemangiomas, Osier- Weber-Rendu 
disease, or hereditary hemorrhagic telangiectasia, solid or blood borne tumors and 
acquired immune deficiency syndrome. 

[0306] It will be appreciated that the compounds and compositions, according to 
the method of the present invention, may be administered using any amount and any 
route of administration effective for the treatment of cancer and/or disorders 
associated with metastasis and/or angiogenesis. Thus, the expression "effective 
amount" as used herein, refers to a sufficient amount of agent to inhibit the growth 
of tumor cells, or refers to a sufficient amount to reduce the effects of cancer. The 
exact amount required will vary from subject to subject, depending on the species, 



WO 2004/087672 



133 



PCT/US2004/009380 



age, and general condition of the subject, the severity of the diseases, the particular 
anticancer agent, its mode of administration, and the like. 

[0307] The compounds of the invention are preferably formulated in dosage unit 
form for ease of administration and uniformity of dosage. The expression "dosage 
unit form" as used herein refers to a physically discrete unit of therapeutic agent 
appropriate for the patient to be treated. It will be understood, however, that the 
total daily usage of the compounds and compositions of the present invention will be 
decided by the attending physician within the scope of sound medical judgment 
The specific therapeutically effective dose level for any particular patient or 
organism will depend upon a variety of factors including the disorder being treated 
- and the severity of the disorder, the activity of the specific compound employed; the 
specific composition employed; the age, body weight, general health, sex and diet of 
' the patient; the time of administration, route of administration, and rate of excretion 
of the specific compound employed; the duration of the treatment; drugs used in 
combination or coincidental with the specific compound employed; and like factors 
well known in the medical arts (see, for example, Goodman and Gilman's, 'The 
Pharmacological Basis of Therapeutics", Tenth Edition, A. Gilman, J.Hardman and 
L. Limbird, eds., McGraw-Hill Press, 155-173, 2001, which is incorporated herein 
by reference in its entirety). 

[0308] Furthermore, after formulation with an appropriate pharmaceutically 
\ acceptable carrier, adjuvant or vehicle in a desired dosage, the pharmaceutical 
compositions of this invention can be administered to humans and other animals 
orally, rectally, parenterally, intracistemally, intravaginally, intraperitoneally, 
topically (as by powders, ointments, creams or drops), bucally, as an oral or nasal 
spray, or the like, depending on the severity of the infection being treated. In certain 
embodiments, compounds of the invention may be administered at dosage levels of 
about 0.001 mg/kg to about 50 mg/kg, from about 0.01 mg/kg to about 50 mg/kg, 
from about 0.1 mg/kg to about 50 mg/kg, from about 1 mg/kg to about 50 mg/kg, 
from about 0.1 mg/kg to about 40 mg/kg, from about 1 mg/kg to about 40 mg/kg, 
from about 0.1 mg/kg to about 30 mg/kg, from about 1 mg/kg to about 30 mg/kg, 
from about 5 mg/kg to about 30 mg/kg, from about 0.1 mg/kg to about 20 mg/kg, 
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from about 1 mg/kg to about 20 mg/kg, of subject body weight per day, one or more 
times a day, to obtain the desired therapeutic effect It will also be appreciated that 
dosages smaller than 0.001 mg/kg or greater than 50 mg/kg (for example 50-100 
mg/kg) can be administered to a subject. In certain embodiments, compounds are 
administered orally or parenterally. 

Treatment Kit 

[03091 In other embodiments, the present invention relates to a kit for 
conveniently and effectively carrying out the methods in accordance with the present 
: invention. In general, the pharmaceutical pack or kit comprises one or more 
containers filled with one or more, of the ingredients of the pharmaceutical 
compositions of the invention. Such kits are especially suited for the delivery of 
solid oral forms such as tablets or capsules. Such a kit preferably includes a number 
of unit dosages, and may also include a card having the dosages oriented in the order 
of their intended use. If desired, a memory aid can be provided, for example in the 
form of numbers, letters, or other markings or with a calendar insert, designating the 
days in the treatment schedule in which the dosages can be administered. 
Alternatively, placebo dosages, or calcium dietary supplements, either in a form 
similar to or distinct from the dosages of the pharmaceutical compositions, can be 
included to provide a kit in which a dosage is taken every day. Optionally 
associated with such • containers) can be a notice in the form prescribed by a 
governmental agency regulating the manufacture, use or sale of pharmaceutical 
products, which notice reflects approval by the agency of manufacture, use or sale 
for human administration. 

Equivalents 

[0310] The representative examples that follow are intended to help illustrate the 
invention, and are not intended to, nor should they be construed to, limit the scope of 
the invention. Indeed, various modifications of the invention and many further 
embodiments thereof, in addition to those shown and described herein, will become 
apparent to those skilled in the art from the full contents of this document, including 
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the examples which follow and the references to the scientific and patent literature 
cited herein. It should further be appreciated that the contents of those cited 
references are incorporated herein by reference to help illustrate the state of the art. 
Throughput this document, various publications are referred to, each of which is 
hereby incorporated by reference in its entirety in an effort to more folly describe the 
state of the art to which the invention pertains. 

[0311] The following examples contain important additional information, 
exemplification and guidance that can be adapted to the practice of this invention in 
its various embodiments and the equivalents thereof. 

Exemplification 

[0312] The compounds of this invention and their preparation can be understood 
further by the examples that illustrate some of the processes by which these 
compounds are prepared or used. It will be appreciated, however, that these 
examples do not limit the invention. Variations of the invention, now known or 
further developed, are considered to fall within the scope of the present invention as 
described herein and as hereinafter claimed. 

[0313] 1) General Description of Synthetic Methods: 

[0314] The practitioner has a a well-established literature of macrolide chemistry 
to draw upon, in combination with the information contained herein, for guidance on 
synthetic strategies, protecting groups, and other materials and methods useful for 
the synthesis of the compounds of this invention. 

[0315] The various references cited herein provide helpful background 
information on preparing compounds similar to the inventive compounds described 
herein or relevant intermediates, as well as information on formulation, uses, and 
administration of such compounds which may be of interest 
[0316] Moreover, the practitioner is directed to the specific guidance and 
examples provided in this document relating to various exemplary compounds and 
intermediates thereof. 
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[0317] The compounds of this invention and their preparation can be understood 
further by the examples that illustrate some of the processes by which these 
compounds are prepared or used. It will be appreciated, however, that these 
examples do not limit the invention. Variations of the invention, now known or 
further developed, are considered to fall within the scope of the present invention as 
described herein and as hereinafter claimed. 

[0318] According to the present invention, any available techniques can be used 
to make or prepare the inventive compounds or compositions including them. For 
example, a variety of solution phase synthetic methods such as those discussed in 
detail below may be used. Alternatively or additionally, the inventive compounds 

■ 

may be prepared using any of a variety combinatorial techniques, parallel synthesis 
and/or solid phase synthetic methods known in the art 

[0319] It will be appreciated as described below, that a variety of inventive 
compounds can be synthesized according to the methods described herein; The 
starting materials and reagents used in preparing these compounds are either 
available from commercial suppliers such as Aldrich Chemical Company 
(Milwaukee, WI), Bachem (Torrance, CA), Sigma (St Louis, MO), or are prepared 
by methods well known to a person of ordinary skill in the art following procedures 
described in such references as Fieser and Fieser 1991, "Reagents for Organic 
Synthesis", vols 147, John Wiley and Sons, New York, NY, 1991; Rodd 1989 
"Chemistry of Carbon Compounds", vols. 1-5 and supps, Elsevier Science 
Publishers, 1989; "Organic Reactions", vols 1-40, John Wiley and Sons, New York, 
NY, 1991; March 2001, "Advanced Organic Chemistry", 5th ed John Wiley and 
Sons, New York, NY; and Larock 1990, "Comprehensive Organic Transformations: 
A Guide to Functional Group Preparations", 2 nd ed. VCH Publishers, These schemes 
are merely illustrative of some methods by which the compounds of this invention 
can be synthesized, and various modifications to these schemes can be made and 
will be suggested to a person of ordinary skill in the art having regard to this 
disclosure. 

[0320] The starting materials, intermediates, and compounds of this invention 
may be isolated and purified using conventional techniques, including filtration, 
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distillation, crystallization, chromatography, and the like. They may be characterized 
using conventional methods, including physical constants and spectral data. 
[0321] Certain exemplary compounds of the invention are listed below: 




n-l-5 

[0322] As discussed herein, cancer chemotherapy traditionally relies on 
therapeutic agents with cytotoxic properties that inhibit tumor cell proliferation and 
cause cell death. Recently, the idea of targeting cell migration as an alternative 
strategy for the development of anti-cancer therapies has generated considerable 
interest. 1 Intense research efforts are currently directed to the exploration of cell 
shape change and movement and their underlying mechanisms. Cell migration is 
involved in a number of physiological processes, including ovulation, embryonic 
development, tissue regeneration (wound healing), and inflammation. On the other 
hand, cell migration is also observed in pathological conditions such as tumor 
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angiogenesis, cancer cell invasion, and metastasis. It is believed that primary solid 
tumors depend on angiogenesis (formation of new blood vessels) to obtain the 
necessary oxygen and nutrient supplies for growth beyond a certain size (ca. 1-2 
mm). The transition from a pre-angiogenic condition to tumor angiogenesis, 4 often 
referred to as the angiogenic switch, is followed by tumor growth, cancer cell 
invasion, and metastasis. 5 In principle, it could be possible to halt (or retard) this 
procession at different stages with the help of cell migration inhibitors. Since cell 
migration under ordinary physiological conditions in adults is rather infrequent, its 
repression might be accompanied by manageable toxicity. 

[0323] A significant part of our general research program focuses on the 
development of novel, natural product-inspired anti-cancer agents. These efforts 
have led to the total chemical synthesis of a number of prominent anti-tumor natural 
products, such as the epothilones, 6 taxol®, 7 and most recently, radicicol 8 and TMO 
95A/B. 9 The recent entry of 12,13-desoxyepothilone B (dEpoB), first prepared by 
total chemical synthesis, into phase II clinical trials, 10 has been followed by the 
discovery of a new generation of highly potent epothilone analogs. 11 For the; most 
part, our endeavors have converged on cytotoxic agents. The possibility of 
exploiting natural products as leads for the development of anti-angiogenic and anti- 
metastatic agents was prompted by the recent isolation and synthesis of compounds 
such as epoxyquinol A and B, 12 trachyspic acid, 13 azaspirene, 14 evodiamine, 15 
* motuporamines, 16 borrelidin, 17 andterpestacin. 18 

[0324] In particular, a series of independent reports by Imoto 19 and Kosan 
Bioscience researchers 20 on the discovery of the natural product migrastatin (1) 
enhanced our interest in this area (Scheme 16). It was reported that 1, isolated from 
a cultured broth of Streptontyces, has the potential of metastasis suppression through 
its ability to inhibit tumor cell migration. Although the reported activity of 
migrastatin in a wound healing assay was rather modest (IC50 value of 29 \M), we 
considered it as an attractive lead compound in the search for other, more potent 
agents. The structure of migrastatin (1), determined by X-ray crystal structure 
analysis, features a 14-membered macrolactone with a characteristic glutarimide- 
containing side chain. Embedded in the macrocycle are a trisubstituted (2)-alkene 
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and two disubstituted (£)-aIkenes, as well as three contiguous stereocenters. The 
side chain projecting from the cyclic core is associated with stereogenic centers at 
C13andC14. 

[0325J Upon reviewing the literature in search of glutarimide-containing natural 
products, prominent examples such as cycloheximide (CHX), 21 streptimidone, 22 and 
thalidomide (which has resurfaced recently as an anti-angiogenic agent despite its 
controversial history 23 ) can be identified Moreover, a number of structural 
homologs of migrastatin, namely lactimidomycin, 24 dorrigocin A and B 20,25 
isomigrastatin, 20 and NK30424A/B 26 have been discovered (Scheme 16). In 1992, 
lactimidomycin was isolated from Streptomyces amphibiosporus and characterized 
by researchers at Bristol-Myers Squibb. This unique triene-containing 12- 
membered macrolactone antibiotic is highly cytotoxic in vitro against a number of 
tumor cell lines and displays in vivo anti-tumor activity in mice. In addition, 
lactimidomycin exhibits potent anti-fungal properties and acts as an inhibitor of 
DNA and protein synthesis. Two years later, the isolation of dorrigocin A and its 
allylic isomer dorrigocin B from Streptomyces platensis was described by« 
researchers at Abbott Laboratories. The dorrigocins are linear polyketide carboxylic 

« 

acids with a functional group arrangement closely related to migrastatin and 
isomigrastatin (see below), respectively. They were found to reverse the 
morphology of ros-transformed NIH/3T3 cells from a transformed phenotype to a 
normal one. Dorrigocin A was also reported to be the first natural product inhibitor 
of the carboxyl methyltransferase involved in Ras processing. In 2002, the 
dorrigocins were again isolated from Streptomyces platensis by researchers at Kosan 
Biosciences along with migrastatin and a new member of the family, isomigrastatin. 
Structurally, isomigrastatin can be described as being derived from migrastatin via 
an allylic transposition (C13 — ► CI 1) and a concomitant double bond isomerization. 
Thus, isomigrastatin is a 12-membered macrolactone with an exocyclic trisubstituted 
(£)-alkene. The Kosan researchers have shown that the hydrolysis of isomigrastatin 
leads to dorrigocin B, whereas the hydrolysis of migrastatin produces a geometric 
isomer of dorrigocin A. The biological profile of isomigrastatin has not been 
reported to date. The latest members of the glutarimide-containing macrolide family 
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axe the natural products NK30424A and its stereoisomer NK30424B, isolated from 
Streptomyces sp. NA30424 by researchers at Nippon Kayaku. Furthermore, four 
related compounds, derived from oxidation of the thioether to the sulfoxide, were 
detected as minor constituents in the cultured broth and were titled as 
NK30424AS1-2 and NK30424BS1-2. The NK compounds are formally derived 
from isomigrastatin by conjugate addition of cysteine to the C2-C3 double bond and 
hydroxylation at CI 7. Interestingly, these NK congeners are reported to be very 
potent inhibitors of Upopolysaccharide-induced tumor necrosis fector-a (TNF-a) 
promoter activity. To date, migrastatin is the only member of the natural product 
family described above in which the relative and absolute configurations have been 
determined Possibly, total chemical synthesis might aid in deciphering the 
stereochemistry of other members of this series. 

[0326] Scheme 16. Structure of Migrastatin and Related Natural Products 
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[0327] In one aspect, the present invention provides synthetic methods for 
preparing migrastatin and analogs thereof The first asymmetric total synthesis of 
naturally occurring (+)-migrastatin (1) is described herein. Exemplary syntheses of 
Migrastatin analogs are also described herein. The total synthesis of 1 provides 
researchers (including Applicant) access to material for an independent evaluation of 
the biology of the natural product and with opportunities via standard medicinal 
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chemistry for gaining access to a broad range of structural analogs. Moreover, the 
present invention provides synthetic methods allowing access to a variety of 
Migrastatin analogs and the exploration of structural types that could not, plausibly, 
be accessible by chemical modification of migrastatin itself. From a practical 
standpoint, in vitro screening of migrastatin derivatives (e.g., in cell migration 
assays) may well lead to informative structure-activity relationship (SAR) profiles, 
conceivably assisting in the emergence of compounds with improved biological 
profiles for progression to in vivo models. Preliminary SAR trends are provided 
herein. In addition, efforts directed at target identification are expected to yield some 
insight into the biological mode of action of migrastatin and its congeners and 
analogs. 

[0328] As dicussed above, in one aspect, the present invention provides methods 
for the preparation of Migrastatin and analogs thereof. Detailed below is a synthetic 
approach, which resulted in an efficient and flexible total synthesis of 1. Additional 
guidance may be found, for example, in Gaul, C. et al.; J. Am. Chem. Soc. 2003, 
725, 6042; Gaul, C. et al.; J. Am. Chem Soc. 2004, 126(4), 1038-1040; and Gaul, C. 
et al.; J. Am. Chem Soc. 2004 . , : each of which is hereby incorporated by 
reference in its entirety. Migrastatin having known biological activity, it was 
expected that its analogs would exhibit similar activity. As discussed above, 
however, the present invention provides the ability to synthesize various migrastatin 
analogs with a variety of structural features; thereby allowing one to probe and 
evaluate Structure-Activity Relationships trends within this class of macrocyclic 
compounds. Preliminary SAR studies 28 have been reported. For example, guidance 
may be found in U.S. Provisional Application Nos.: 60/458,827 filed March 28, 
2003 and 60/496,165 filed August 19, 2003; each of which are incorporated herein 
by reference. In a preliminary study, a few migrastatin analogs which were 
evaluated in both tube formation and wound healing assay (See Example 52 and 
Tables 1 and 2). In addition to two analogs closely structurally related to migrastatin 
(i.e., N-Methyl-migrastatin and 2,3-Dihydromigrastatin (41)), the question of how 
the migrastatin C-13 side chain might impact activity was investigated (cf. 
Migrastatin-Core (45)). One advantage of this type of compounds lies in the 
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simplicity of their structure; They are therefore easier to synthesize, less costly and 
more amenable to large scale preparation. Compound 45, along with the other two 
migrastatin analogs were thus subjected to the aforementioned assays. A chamber 
cell migration assay was also proposed that could be used to screen and identify 
migrastatin analogs exhibiting cell migration inhibitory activity (See Example 52 
and Table 3). Preliminary results are summarized in Tables 1-3 below. 



[0329] Table 1: Tube formation assay 



Substance 


Minimum effect eonceutratioa 


Migrastatin (1) 


100 \iM 


JV-Methyl-migrastatin 


200 \iM 


2,3-Dihydromigrastatin (41) 


50 pM 


Migrastatin-Core (45) 


10 nM 



Tested concentrations: 200, 100, 50, 25, 10 \iU 
[03301 Table 2: Scratch Assay 



Substance 


Minimum effect concentration 


Migrastatin (1) 


100 jiM 


JV-Methyl-migrastatin 


100 nM 


2,3-Dihydromigrastatin (41) 


25 *iM 



Tested concentrations: 200, 100, 50, 25, 10 nM 
[0331] Table 3: Chamber Assay 



Substance 


IC50 


Migrastatin (1) 


200 nM 



Tested concentrations: 200, 100, 50, 25, 10 \M 



[0332] Based on the aforementioned preliminary biological data, and without 
wishing to be bound to any particular theory, we proposed that '^truncated" 
migrastatin analogs (i.e., analogs lacking the side chain at C-13, or having a 
significantly shorter side chain at C-13) may exhibit improved therapeutic activity. 
For example, compounds such as those having the general structures depicted below 
were expected to show good activity as cell migration inhibitors and/or angiogenesis 
inhibitors: 



: 

» 
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wherein n and R3-R6 are as defined in classes and subclasses herein; and Yt and Y 2 
are independently hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; or -WR ; wherein W is independently -O-, -S- or -NR - 
, wherein each occurrence of R Y1 and R^ is independently hydrogen, or an aliphatic, 
heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Yi and Y2 
together with the carbon atom to which they are attached form a moiety having the 
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>Y1 



V=N 

X 



Y1 



>=N 
or"< 



NHR Y1 
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[0333] In order to evaluate this hypothesis further, additional analogs were 
synthesized and tested. Compounds were tested in chamber cell migration, cell 
proliferation and wound healing assays (see Examples 53, 55 and 56, respectively), 
results of which confirmed our initial hypothesis. Cell migration inhibitory activity 

* 

of compounds of the invention was evaluated with 4T1 mouse breast tumor cells in 
chamber cell migration and wound healing assays. The highly aggressive and 
invasive 4T1 cells are routinely used as model for evaluating test compounds for the 
treatment of human breast cancer, because the progessive spread of 4T1 cells to 
lymph nodes, lungs and other organs can be seen to mimic metastasis of human 



mammary cancer. 
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[0334] In the wound healing assay, standard scratches (i.e., wounds) were made 
through a confluent 4T1 cell layer. In the absence of serum, cells would not migrate 
across the empty space created by applciation of the scratch. Upon addition of 
serum containing migration-enabling factors, migration of 4T1 cells across the 
scratch was induced. Exposure to these cells to inventive compounds allowed the 
evaluation of the cell migration inhibitory activity of these compounds. For 
example, as seen in Figure 6C, 2,3-dihydro migrastatin (48) almost completely 
inhibited cell migration across the scratch, while the effect of migrastatin (1) at the 
same concentration (200jiM) was not as great (See, Figure 6D). 
[0335] Compounds were also subjected to mouse stability studies. As expected, 
macrolactone-type compounds showed lesser stability in mouse plasma than their 
macrolactam or macroketone counterparts (See, for example, stability data obtained 
for macrolactone compounds 45- and 48, versus that obtained for macrolactam 55 
and macroketone 60 (i.e., the lactone functionality is more vulnerable to esterase 
hydrolysis). 

[0336] Finally, compounds showing very good in vitro activity (e.g., chamber 
4T1 and HUVEC cell migration assay) were tested in vivo in a mouse breast cancer 
model (See Example 57 and Figure 4). Macroketone 60 administered at 10 mg/kg 

* 

exhibited -94% inhibition of lung metastasis. Administration of 20 mg/kg of 

♦ * 

macroketone 60 resulted in -99% inhibition of lung metastasis. Similarly, 
Administration of 10 mg/kg and 20 mg/kg of macrolactam 55 resulted in -91% 
inhibition of lung metastasis. The in vivo data confined the in vitro findings, 
thereby validating the in vitro assays described herein as good predictors of 
therapeutic activity in vivo. 

[0337] The present invention also provides a preparation and biological 
evaluation of an extended, diverse set of migrastatin analogs which led to the 
discovery of highly potent cell migration inhibitors. 

[0338] Exemplary Synthetic Approach. It was particularly desirable to devise 
a concise, flexible, and readily scaleable synthesis, since it would remain for 
synthesis to fuel an aggressive SAR elucidation program and to provide significant 
quantities of materials for in vivo studies. This is in keeping with the notion that 
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total synthesis was viewed as a first milestone of the project, rather than as an end- 
point In doing so, several structural features were considered and evaluated. For 
example, the (^-configuration of the C2-C3 and C6-C7 double bonds, and the (Z)- 
configuration of the CI 1 -CI 2 double bond of the trienic lactone are important 
features of the migrastatin core. Moreover, maintaining tight stereocontrol over the 
dispositions of the stereogenic centers at C8, C9, CIO, and CI 3 was significant In 
addition, the introduction of the side-chain projecting from CI 3 and the inclusion of 
the stereocenter at C14, which is not part of the ring structure, were equally 
• important aspects of a successful synthesis of the migrastatin target, as were the 
incorporation of the CI 5 keto group as well as the 5-substituted glutarimide at CI 8. 
[0339] In one embodiment, a synthetic approach that embraces these structural 
issues is presented in Scheme 17. As depicted in Scheme 17, a retrosynthetic 
analysis is based on components 2, 3, 4, 5, and 6: The (£)-geometric character of 
the C2-C3 double bond could be secured via recourse to the known compound 6. 
An important feature of this synthesis would be the use of aldehyde 2, bearing the 
methoxy-substituted stereogenic center, ultimately to be emplaced at C8. Another 
important building block would be dime 3. This type of synergistically activated, 
dibranched, bisoxygenated butadiene was part of our all-carbon Diels-Alder research 
in the mid 1970's. 29 Indeed, in the 1980's this type of diene was used in the context 
of our LACDAC chemistry to create dihydropyrans. 30 The aldehyde in this case 
would be the previously discussed 2. Appropriate disconnection of the pyran would 
expose the four carbon segment comprising CIO through C13. The two methyl- 
branching elements of 3 would appear at CIO and C12 in migrastatin following 
appropriate manipulations. At the outset, the precise nature of the R function in keto 
building block 4 awaited specification. A decisive criterion for various candidate 
structures that might be contemplated would be their amenability to linkage to the 
emerging CI 3 in the context of macrolactone formation, while enabling smooth 
incorporation of the 8-branched glutarimide. We note that the sum of fragments 2 
and 6 contains two carbons in excess of those required for formation of the 14- 
membered macrolactone. Such a disconnection invited the prospect of establishing 
this lactone through a ring-closing metathesis (RCM) reaction with extrusion of the 
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two seemingly extraneous carbon centers. A more detailed analysis of synthetic 
issues appears in the context of the next section, in which we describe the 
implementation of the broad plan. 

[0340] Scheme 17. Exemplary Strategy for the Assembly of Migrastatin 




[0341] Model Study. It seemed prudent to assess, in the context of a model 
study, the feasibility of RCM to construct the 14-membered ring of migrastatin 
(Scheme 18). 31 In' this connection, we would also address the stereoselectivity 
(geometry of the C6-C7 double bond) and chemoselectivity (undesired RCM- 
participation of the C2-C3 and CI 1-C12 double bonds) of the ring-closing reaction. 
Such questions were to be first posed in a study directed to the synthesis of the 
migrastatin core structure lacking the glutarimide-containing side chain. Since we 
were concerned about the stability, stereochemical integrity, and potential volatility 
of the previously unknown a-methoxy-oc-vinyl aldehyde 2 (Scheme 17) 
contemplated for the LACDAC reaction, we began, in this testing phase, with the 
structurally less challenging heterodienophilic siloxy-aldehyde 8 (Scheme 18). This 
compound was prepared from commercially available (S)-3-benzyloxy-l,2- 
propanediol 7 32 in four securely precedented steps. The stoically demanding 
TBDPS protecting group was deliberately chosen with a view toward suppressing a 
possible p-chelation pathway relative to the desired a-chelation mode in the 
LACDAC sequence. Earlier research from Reetz 33 provided a suggestion that 
oxygen chelation effects in the control of diastereofacial reactions are suppressed in 
bulky silylether settings. 

34 

[0342] Indeed, as intended, reaction of aldehyde 8 and diene 3 under the 

35 

influence of TiCU yielded the a-chelation controlled product 9 (Scheme 18). 
Treatment of dihydropyrone 9 with NaBJlt and CeCl 3 0 7H 2 0 (Luche reduction) 36 led 
to the corresponding 1,2-reduced compound, which underwent a Ferrier 
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rearrangement 37 in aqueous acidic THF to produce lactol 10, with the desired (Z)- 
olefin now in place. Reductive opening of lactol 10 with LiBHi afforded diol 11 in 
55% overall yield from dihydropyrone 9. The primary hydroxyl group of 11 was 
selectively acyiated with 2,6-heptadienoyl chloride 12 ° and, thereafter, the 
secondary hydroxyl group in the acylation product was protected as its MOM ether. 
[0343] Scheme IS. A Model Study: Synthesis of the Migrastatin Core 15 a 

OH RO O * ^ RO 0<V^ 

OH 7 OMq 8 MoO—v v — 3 QMo ■ 9 

R = TBOPS 




[0344] a Reagents and conditions: (a) (0 TBDPSCi, imidazole, DMF, rt, (ii) Mel, NaH, THF, 
rt, (iii) Pd(OH)2, EtOAc, rt, (iv) (COCi)* Et 3 N, DMSO, CHzCl* -78 °C to it, 66%; (b) (i) TiCU, 
O^CI* -78 °C, 00 TFA, CHjCfe, rt, 79%; (c) (0 NaBH4, CeCl 3 «7H 2 0, EtOH, 0 °C, (ii) CSA, H 2 0, 
THF, reflux; (d) L1BH4, H 2 0, THF, it, 55% from 9; (e) (i) DMAP, CH 2 C1 2 , rt, (ii) MOMC1, BU4NI, /- 
Pr 2 NEt, CHiCi* rt, 57%; (0 (0 HF-pyridine, THF, rt, (ii) Dess-Martin periodinane, CHjCt rt, (iii) 
Tebbe reagent, pyridine, THF, -78 °C to -10 °C, 54%; (g) Grubbs-E catalyst 16 (20 mol%), toluene 
(0.5 mM), reflux, 50%. 

[0345] The RCM precursor 14 was reached from 13 through a three step 

39 

sequence, consisting of deprotection, oxidation, and Tebbe olefination. When 
tetraene 14 was subjected to the action of Grubbs catalyst 16 (see structures below) 
in refluxing toluene, 41 the 14-membered macrolactone 15 was generated as the 
desired (£)-congener in 50% yield Competitive participation of the electron-poor 
C2-C3 double bond and the sterically hindered CI 1 -CI 2 double bond in the 
metathesis step could not be detected. Interestingly, treatment of 14 with Grubbs-I 
catalyst 17 in refluxing CH2CI2 led exclusively to the dimeric product derived from 
cross metathesis of the terminal double bond of the acyl moiety. 
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[03461 Sfysrthesis of Intermediate 26. The model study demonstrated the 
efficacy of the LACDAC sequence to construct the three stereocenters CS-C10 and 
the power of RCM to establish the macrocyclic system. Encouraged by these early 
results, we embarked on the total synthesis of migrastatin itself. Prior to facing the 
unresolved issues of building up the remaining stereocenters at CI 3 and C 14 in the 
context of emplacement of the glutarimide moiety, we addressed an issue of process, 
asking the question whether a-methoxy-a-vinyl aldehyde 2 might indeed serve as a 
suitable heterodienophile in the reaction with diene 3 after all. Utilization of 
aldehyde 2 in the LACDAC reaction would allow us to streamline the synthesis in a 
most useful way by avoiding the chemistry needed to incorporate the C6-C7 double 
bond required for RCM. 

[0347] Happily, we could gain an excellent entry into this type of aldehyde, 
starting from commercially available dimethyl 2,3-0-isopropylidene-L-tartrate 18 
(Scheme 19). Toward this end, tartrate 18 was reduced by DIBALH to the 
corresponding dialdehyde, which was then reacted in situ with divinylzinc to afford 
carbinol 19 in a highly stereoselective fashion. 42 Dimethylation and cleavage of the 
acetonide protecting group with aqueous acid furnished 1,2-diol 20 in excellent 
yield. 43 The desired a-methoxy-a-vinyl aldehyde 2 emerged following cleavage of 
the glycol linkage of 20. importantly, no attempts were undertaken to isolate 2 in 
neat form. Instead, a stock solution of the aldehyde as obtained from the glycol 
cleavage was directly used for the LACDAC sequence. We were rather encouraged 
to find that the a-chelation-controiled cyclocondensation of 2 with butadiene 3 
occurred in very good yield, producing dihydropyrone 21 as the only detected 
diastereomer. Compound 21 not only possesses the three contiguous stereocenter of 
the macrolide, but it also serves as a template for the construction of the 
trisubstituted C11-C12 (Z)-alkene (Scheme 20). From a process standpoint, it is 
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noteworthy that only two chromatographic purifications were needed to obtain pure 
21, rendering the sequence amenable to scale-up. 

[034S] Scheme 19. Synthesis of Dihydropyrone 21 by a Cyclocondensation 
(LACDAC)" 



MoO 
MoO 



OH OMe 

Y^o^ ^y^o^ ^Y^OH 

O 16 OH 19 OMs 20 



OMo 2 



MoO-^~"^— • 3 ^^OMo'^ 



[0349] a Reagents and conditions: (a) DIBALH, then ZnCl 2 , H 2 C=CHMgBr, toluene, -78 °C to 
it, 75% (ds > 90%); (b) (i) Mel, NaH, DMF, rt, (ii) 2M HC1, MeOH, reflux, 80%; (c) Pb(OAc)<, 
Na 2 C0 3 , CH 2 Cl2, 0 °C to rt; (d) (i) TiCL,, CH 2 Cl2, -78 °C, (ii) TFA, OfeC]* rt, 87% from 20. 

[0350] Transformation of dihydropyrone 21 into open-chain diol 25 was 
accomplished as described for our model study (Scheme 18) using a reduction- 
Feirier rearrangement-reductive ring-opening protocol (Scheme 20). Initially, we 
followed the Luche procedure for the reduction of enones to effect the conversion of 
21 to 22. Subsequently, we found that the addition of cerium salts was not needed in 
our case. In fact, all the reductants screened led exclusively to 1 ^-reduction. In the 
end, LiBHt turned out to be the reducing agent of choice based on its associated ease 
of handling and workup. When alcohol 22 was subjected to catalytic amounts of 
camphorsulfonic acid (CSA) in refluxing aqueous THF, the desired Fenier- 
rearranged product 23 was obtained, together with small amounts of dimeric acetal 
24. It is appropriate to note that there are few examples of aqueous Ferrier 
rearrangements reported in the literature, 44 whereas variants using alcohol-based 
nucleophiles are widely encountered. Reductive opening of lactol 23 with LiBHt 
afforded diol 25 in 53% overall yield (from dihydropyrone 21). In investigating the 
preparative aspects of the sequence 21 — ► 25, we realized that larger amounts of 24 
(ca. 15%) were isolated when the Ferrier rearrangement was conducted at higher 
concentrations (0.3M instead of 0.1M). Happily, we were able to obtain single 
crystals of dimer 24. X-Ray analysis led to a decisive structural verification, 45 
revealing the relative configuration of the three contiguous stereocenters and the 
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geometry of the double bond to be as predicted on the basis of our precedents. By 
extension, this X-ray analysis also confirms the structure of diol 25. 
[0351] A next step in this synthesis of migrastatin involved differentiation of the 
two hydroxyl groups of 25. Previously, we had accomplished this sub-goal via a 
three step sequence, namely acetylation of the primary hydroxyl group, silylation of 
the secondary hydroxyl group, and subsequent Temoval of the acetate protecting 
group. 27 However, during scale-up efforts, we observed the formation of 
considerable amounts of diacetylated product This obstacle complicated 
purification procedures and lowered the overall yield of the sequence. Fortunately, 
the problem could easily be solved by initial disilylation, followed by a mild and 
selective deprotection, producing allylic alcohol 26 in 80% yield (Scheme 20). 
[0352] Scheme 20. Synthesis of Intermediate 26 fl 



OH 




[0353] ° Reagents and conditions: (a) L1BH4, MeOH, THF, -10 °C; (b) CSA, H 2 0, THF, 
reflux; (c) L1BH4, H 2 0, THF, it, 53% from 21; (d) (Q TBSOTC 2,6-lutidine, CHjCI* it, (ii) HO Ac, 
H 2 0, THF (3:1:1), rt, 80%. 

[0354] Incorporation of the Glutarimide-Containing Side Chain. A 

straightforward way to construct the two remaining stereocenters at CI 3 and C14 
could, in principle, be accomplished by an anti-selective aldol reaction between an 
aldehyde derived from 26 and an appropriate propionyl fragment Indeed, Dess- 
Martin oxidation 46 of 26 generated angelic-type aldehyde 27 (Scheme 21). 
Fortunately, 27 proved to be notably resistant to (Z) — > (£)-double bond 
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isomerization or vinylogous epimerization, and, accordingly, could serve as a 
potential substrate in the projected aldol construction. In our early studies, we 
explored Masamune's anti-aldol protocol, which utilizes a boron enolate of readily 
available norephedrine derivatives. 47 This aldol reaction indeed worked smoothly 
with aldehyde 27. Nonetheless, we were particularly drawn to a mild MgCl 2 - 
catalyzed anti-aldol procedure that had recently been disclosed by Evans. 48 In 
practice, aldehyde 27 reacted with propionyl oxazolidinone 28 in the presence of 
MgCi 2 , triethylamine, and TMSCi to afford, after treatment with TFA, the desired 
aldol adduct 29 in 67% yield as a single diastereomer. Noteworthy, the robust 
reaction conditions, which tolerate the use of reagent-grade ethyl acetate and high 
substrate concentrations, are attractive features for scale-up proposes. Since the next 
step of the projected total synthesis was the protection of the C13 hydroxyl group as 

a TES ether, we tried to accomplish the anti-aldol joining with TESC1 instead of 

■ 

TMSC1. Unfortunately, the reaction was very slow under these conditions, and the 
yields were far from satisfactory. Hence, we had to protect the secondary hydroxyl 
group with TESC1 in a separate step (29 -* 30) (Scheme 21). 
[0355] Having successfully merged three of our five components, we focused 
now on attaching glutarimide aldehyde 5 to the main fragment A Horner- 
Wadsworth-Emmons (HWE) reaction between P-ketophosphonate 32 and aldehyde 
5 appeared to be a plausible, attractive solution to this synthetic problem (Scheme 
21). Toward this end, we investigated the direct addition of lithiated dimethyl 
methylphosphonate to imide 30 to access the desired phosphonate 32 in a single 
transformation. Unfortunately, this projected (but unprecedented) transformation 
met with no success, resulting in recovery of starting material. 49 Accordingly, the 
chiral auxiliary was removed rediictively (30 — > 31). Progress continued with a 
simple and reliable three step oxidation-addition-reoxidation protocol, cleanly 
affording phosphonate 32. Glutarimide aldehyde 5, 50 the fourth component in our 
synthetic plan, was then treated with phosphonate 32 using the Masamune-Roush 
variant of the HWE reaction. 51 Enone 33 was obtained as a single olefin isomer in 
excellent yield (Scheme 21). Fortunately, neither this reaction nor any of the 
subsequent transformations required protection of the glutarimide nitrogen. 
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Conjugate reduction of enone 33 with the Stryker reagent 52 and cleavage of the TES 
protecting group occurred smoothly to give alcohol 34. At this stage, the path was 
clear for introduction of our last component 2,6-heptadienoic acid 6. 
[0356] Scheme 21. Incorporation of the Side Chain by an Anti-Aldol Reaction 
and a HWE coupling* 



23 




OLA 




R = H(29) 
R=TES(30) 
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[0357] a Reagents and conditions: (a) Dess-Martin periodinane, CH2CI2, rt; (b) (0 MgCl* 
Et 3 N, TMSC1, EtOAc, it, (ii) TFA, MeOH, it, 67% from 26; (c) TESC1, imidazole, CHzCl* rt; (d) 





m 




m 



methylphosphonate, BuLi, THF, -78 °C to 0 °C, (iii) Dess-Martin periodinane, CH2CI2, it; (f) LiCl, 
DBU, MeCN, rt, 57% from 31; (g) (0 [(PhjPJCuHk toluene, rt, (ii) HOAc, H 2 0, THF (3:1:1), rt, 
82%. 

[0358] Completion of a Total Synthesis of Migrastatin. In our planning 
stages, we presumed that acylation of secondary alcohol 34 with acid 6 would be 
straightforward Unexpectedly, a number of acylation conditions had to be explored 
to accomplish the desired transformation effectively. Only after several trial 
attempts did we find that a modified Yamaguchi acylation protocol (using pyridine 
instead of DMAP) provided satisfying yields of acylated product 35 (Scheme 22). 
Most other standard ester formation protocols (a: acid chloride + DMAP, pyridine, 
or AgCN, b: acid + EDC or DCC, c: acid + Mukaiyama reagent, 54 d: Keck 
coupling 55 ) led to either decomposition of starting material or an inseparable product 
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mixture of 35 and p,y-unsaturated ester 36 (Scheme 22). The latter presumably 
arose from acylation of 34 with the vinylketene derived from 6 upon activation of 
the acyl group. Attempts to isomerize the C3-C4 double bond of 36 back into 
conjugation resulted in loss of the carboxylic acid fragment, apparently through a (5- 
elimination pathway. 

[0359] Scheme 22. Acylation of Alcohol 34 by a Modified Yamaguchi 
Procedure a 




[0360] a Reagents and conditions: (a) 2,4,6-trichlorobenzoyl chloride, /-Pr 2 NEt, pyridine, 
toluene, rt, 67%. 

[0361] With RCM precursor 35 now available, we were positioned to investigate 
the cyclization reaction (Scheme 23). In the event, the ring-closing metathesis 
conditions employed in our model system (Scheme 18) also sufficed nicely for the 
case at hand, delivering macrolactone 37 in a highly (£)-selective fashion in 69% 
yield. This corresponds to an increase in yield by almost 20% compared to our 
model studies! Finally, removal of the TBS protecting group by buffered hydrogen 
fluoride completed the total synthesis of (+>migrastatin (1), whose physical data 
(NMR, MS, optical rotation) matched those of migrastatin isolated from natural 
sources. 

[0362] Scheme 23. RCM and Deprotection Leading to (+)-Migrastatin (l) a 
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[0363] ° Reagents and conditions: (a) Grubbs-II catalyst 16 (20 moI%), toluene (0.5 mM), 
reflux, 69%; (b) HF°pyridine, THF, rt, 85%. 

[0364] Design, Chemical Synthesis, and Evaluation of Migrastatin Analogs. 
Having achieved our initial objective, a total synthesis of migrastatin, we could take 
full advantage of our flexible multi-component synthesis for the subsequent 
preparation of a variety of analogs. As will be evident, our modular approach served 
as an excellent platform from which to quickly explore the SAR profile of 
migrastatin and assess the anti-metastatic potential of the migrastatin family. 
[0365] In certain embodiments, our approach with respect to searching for, 
preparing, and evaluating migrastatin derivatives as to improved cell migration 
inhibition properties, comprised three distinct steps: design, chemical synthesis, and 
biological evaluation. In certain embodiments, the design of migrastatin analogs 
was aimed at probing the different regions of migrastatin for their contributions to 
biological activity. Certain regions of the molecule that we initially considered 
important and accessible by synthesis are highlighted in gray below. These regions 
were targeted for derivatization. 




[0366] In certain embodiments, the selection was driven by the following 
considerations: The glutarimide moiety is a characteristic functional feature of 
migrastatin, and might be indispensable for activity. The C2-C3 conjugated double 
bond is a potential site for deactivation by 1,4-addition of nucleophiles (e.g. thiols, 
confer the natural products NK30424A/B in Scheme 16), or on the contrary, could 
render migrastatin a suicide inhibitor by covalent bond formation with 
bionucleophiles present in the active site of an enzyme. The lactone functionality 
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could possibly be a target of hydrolysis in living systems. As such, manipulation of 
the ester bond might enhance the in vivo stability of the molecule. Furthermore, the 
C6-C12 portion of migrastatin is highly fiinctionalized, and thus, might have 
biological relevance. One simple way of exploring this region is through 
derivatisation of the C9 hydroxyl group. 

[0367] The chemical synthesis of migrastatin analogs was accomplished in an 
efficient manner by utilizing the concept of diverted total synthesis (DTS). 28 We put 
to advantage certain intermediates of the migrastatin synthesis, such as 26 and 34 
(Schemes 20 and 21), as branching points to rapidly assemble a chemically diverse 
set of migrastatin derivatives. In keeping with the unique capabilities of diverted 
total synthesis, we focused on target structures that would not have been accessible 
through manipulations of the natural product itself or through biosynthetic 
pathways. 

[0368] The biological evaluation of the compounds (in terms of their ability to 
inhibit cell migration) was accomplished in a Boyden chamber cell migration assay. 
In this assay, mouse breast tumor cells (4T1 cells) or endothelial cells (HUVECs) 
are seeded on the upper chamber of a transwell insert Growth factor-containing 
serum is added to the lower chamber. After incubation for 6-8 hours in the presence 
of different concentrations of our analogs, cells that migrated from the upper 
chamber through the membrane to the lower compartment are counted. 
Additionally, some of the more potent compounds were tested for their effect on cell 
proliferation and metabolic stability in mouse plasma. The study helped provide a 
broad SAR picture with respect to migrastatin analogs. 

[0369] In certain embodiments, synthetic studies towards the preparation of 
chemically diversified migrastatin analogs commenced with the synthesis of 2,3- 
dihydromigrastatin 41 and TV-methylated 2,3 -dihydromigrastatin 42. Secondary 
alcohol 34 (Scheme 21), an advanced intermediate involved in the exemplary 
migrastatin synthesis described herein, was acylated with 6-heptenoyl chloride 38 to 
deliver RCM precursor 39 (Scheme 24). As expected, acylation proceeded 
smoothly, without the use of the reaction conditions utilized for the acylation of 34 
with 2,6-heptadienoic acid 6 (Scheme 22). Compound 39 was cyclized to 
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macrolactone 40 by a very efficient (£)-selective RCM. Cleavage of the TBS ether 
with HF»pyridine yielded our first analog, 2,3-dihydromigrastatin 41. Alternatively, 
compound 41 was prepared directly from migrastatin by regioselective reduction 
using the Stryker reagent (Scheme 24). The yield of the direct transformation, 
however, was compromised by the formation of a side product that arose from an 
intramolecular aldol addition of the transient copper enolate to the CI 5 ketone. 
Methylation of the glutarimide nitrogen was accomplished by treatment of 41 with 
Mel and CS2CO3 in acetone, delivering methylated 2,3-dihydromigrastatin 42 in 
excellent yield 

[0370] The first set of compounds - migrastatin, together with its analogs 41 and 
42 - was then evaluated in the chamber cell migration assay. The IC50 value for 
fully synthetic migrastatin with 4T1 tumor cells was 29 \*M (Table 4); this result 
was in excellent agreement with that reported by Imoto for migrastatin obtained 
from natural sources. Interestingly, reduction of the C2-C3 double bond and 
methylation of the glutarimide nitrogen were well tolerated with respect to 
maintenance of activity. Analogs 41 and 42 are actually slightly more potent than 
migrastatin itself, with IC50 values of 10 jiM and 7 ^M, respectively (Table 4). 
[0371} Scheme 24. Preparation of Migrastatin Analogs 41 and 42 a 
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[0372J a Reagents and conditions: (a) 6-heptenoyI chloride 38, DMAP, CH2CI2, it, 69%; (b) 
Grubbs-n catalyst 16 (20 mol%), toluene (0.5 mM), reflux, 79%; (c) HF«pyridine, THF, it, 31%; (d) 
Mel, Cs 2 C0 3 , acetone, 85%. 

[0373] The small change in inhibitory activity upon alkylation of the glutarimide 
moiety encouraged us to undertake a more drastic structural modification of the 
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migrastatin skeleton. Toward this end, analogs were synthesized lacking the entire 
glutarimide-containing side chain, namely migrastatin core 45 and the corresponding 
reduced version 48 (Scheme 25). Starting from advanced intermediate 26 (Scheme 
20), derivatives 45 and 48 were quickly assembled via the already established 

* 

acylation-RCM-deprqtection sequence. While the reaction of 26 with 2,6- 
heptadienoic acid 6 produced acylated product 43 in only moderate (48%) yield, the 
acyiation steps in the 'dihydro series' occurred smoothly, affording 46 in 82% yield. 
The same trend was observed for the subsequent transformation, in which the ring 
closure was achieved in excellent (76%) yield for the saturated case (46 — > 47). By 
contrast, the unsaturated core was delivered in lower (55%) yield (43 — > 44). 
Finally, protecting group removal delivered macrolactones 45 and 48 without 
complications. 

[0374] Scheme 25. Synthesis of Migrastatin Core 45 and Macrolactone.48* 
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[0375] a Reagents and conditions: (a) 2,6-heptadienoic acid 6, 2,4,6-trichlorobenzoyl chloride, 
i-Pr 2 NEt, pyridine, toluene, rt, 48%; (b) Grubbs-II catalyst 16 (20 mol%), toluene (0.5 mM), reflux, 
55% (44), 76% (47); (c) HF-pyridine, THF, rt, 66% (45), 94% (48); (d) 6-heptenoyl chloride 38, 
DMAP, CH 2 Cl2, rt, 82%. 

[0376] In other embodiments, scale-up studies were carried out to establish the 
applicability of the exemplary synthesis described herein to the preparation of 
migrastatin and analogs thereof in sufficient quantities for biological evaluation in 
animal models. For example, variation of the RCM parameters for a potential large 
scale preparation of the macrocycles were evaluated. The original reaction 
conditions called for 20 mol% catalyst at 0.5 mM concentration, but as illustrated for 
the cyclization of 46 to 47 (Scheme 26), the RCM product could be obtained in just 
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slightly reduced yield by conducting the reaction with 10 mol% catalyst at 5 mM 



concentration. 



[0377] Scheme 26. Optimization oftheRCM Conditions for Scale r Up Purposes 
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[0378] Upon examination of compounds 45 and 48 in the cell migration assay, 
we achieved, to our great surprise, a major breakthrough in potency (Table 4). The 
IC50 values for migrastatin core 45 and macrolactone 48 were found to be 22 nM and 
24 nM, respectively. This translates into an increase in activity by three orders of 
magnitude compared to migrastatin! This appears to lead to the conclusion that the 
migrastatin side chain may not be required for in vitro inhibition of tumor cell 
migration. However, it remains to be determined if migrastatin and core analogs 45 
and 48 are indeed directed at the same cellular targets. 

■ 

[0379] Another potential interesting site of derivatization of the migrastatin 
structure is the C6-C12 region with its two double bonds, three stereocenters, and 
two heteroatoms. An easy way of derivatizing this portion of the molecule was 
found to be the acylation or oxidation of the C9 hydroxyl group, producing 
macrolactones 49 and 50, respectively (Scheme 27). As shown in Table 4, the 
inhibitory activity of analogs 49 and 50 was reduced by roughly an order of 
magnitude, compared to macrolactone 48, indicating that the C9 position is sensitive 
toward modification. 

[0380] Scheme 27. Modification of Macrolactone 48 at the C9 position and 
Hydrolysis of 48* 
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[0381J ° Reagents and conditions: (a) AcCl, DMAP, CH^Ci* rt, 76%; (b) Dess-Martin 
periodinane, CH 2 Ci2, rt, 72%; (c) 0.5M NaOH, MeOH, it, 77%. 

[03821 Starting from our lead compound migrastatin, we were able to reach 

i 

simplified congeners/analogs with drastically improved inhibitory activities, in 
particular macrolactones 45 and 48. In anticipation of subsequent in vivo evaluation 
of these compounds and others, preliminary metabolic stability studies were carried 
out. Without wishing to be bound to any particular theory, based on our experiences 

a » 

from the epothilone program, 56 we propose that the ester bond of the macrolactones 
may be susceptible to ring opening by esterases in mouse (or human) plasma. Such 
hydrolysis would presumably lead to a loss in compound activity. Accordingly, 
mouse blood plasma stability of migrastatin and novel analogs 41, 42, 45, and 48 
was evaluated. As summarized in Table 5, migrastatin and side chain-containing 
derivatives 41 and 42 were completely inert toward lactone opening over the fiill test 
period (one hour). However, the most active compounds, macrolactones 45 and 48, 
were hydrolyzed rapidly (Table 5). These findings are not entirely surprising, 
considering that the ester bonds in 45 and 48 are sterically less congested relative to 
those in the other analogs. As a test of the 'deactivation hypothesis', the hydrolysis 
product of macrolactone 48 was prepared (Scheme 27) and tested for its activity 
against tumor cell migration. Surprisingly, compound 51 was not completely 
inactive in the chamber assay, but retained a good part of its activity (IC50 value of 
378 nM). Therefore, compound 48 might be effective in the projected in vivo 
models despite its sensitivity toward hydrolysis. Nevertheless, the data on the 
unsatisfactory metabolic stability of 45 and 48 influenced us, when we entered the 
second phase of our analog program. The aspiration of reaching migrastatin 
congeners and/or analogs with enhanced plasma stability and retained or improved 
activity (compared to 45 or 48) led to the diverted total synthesis of macrolactam 55, 
macroketone 60 (Scheme 28), and the sterically hindered macrolactones 65 and 68 
(Scheme 29). 

[Q383] The synthesis of analogs 55, 60, 65, and 68 diverged from the original 
route to migrastatin at the stage of the . advanced intermediate 26. For the 
preparation of lactam 55, alcohol 26 was subjected to Mitsunobu conditions with 
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DPPA affording allylic azide 52 in 87% yield (Scheme 28). 57 To avoid double bond 
isomerization of the (Z)-allylic system, azide 52 was immediately reduced following 
the Staudinger protocol 57 and subsequently joined with 6-heptenoic acid under 
standard peptide coupling conditions. The resulting product, amide 53, was treated 
with RCM catalyst 16 under our established reaction conditions, delivering lactam 
54 in 60% yield The latter was then deprotected with HF°pyridine to afford lactam 
55. 

[0384] The preparation of ketone 60 required the conversion of alcohol 26 into 
allylic bromide 56, which was displaced by p-ketosulfone 57 (Scheme 28). 57 
Subsequent reductive removal of the sulfone group yielded RCM precursor 58. The 
ring closure of 58 to the carbocycle was accomplished, again, very efficiently and 
selectively by RCM. Hie desired macroketone 60 was obtained following 
deprotection of 59. 

[0385] Scheme 28. Synthesis of Macrolactam 55 and Macroketone 60* 



o o 




[0386] a Reagents and conditions: (a) DPPA (diphenylphosphoryl azide), DBU, toluene, it, 
87%; (b) © PPh 3 , H 2 0, THF, 70 °C, (ii) 6-heptenoic acid, EDC, i-Pr 2 NEt, CHzCl* rt, 92%; (c) 
Grubbs-n catalyst 16 (20 mol%), toluene (0.5 mM), reflux, 60% (54), 81% (59); (d) HF-pyridine, 
THF, rt, 8 1 % (55), 90% (60); (e) CBr 4 , solid supported PPh 3 , CHjCl* rt; (f) (i) p-ketosulfone 57, 
DBU, toluene, rt, (ii) Na/Hg, Na 2 HP0 4 , MeOH, rt, 61% from 26. 

[0387] The synthesis of isopropyl macrolactones 65 and 68 also commenced 
from alcohol 26 (Scheme 29). Oxidation of 26 generated the corresponding (Z)-enal 
which was then treated with i-PrMgCl. When the nucleophilic addition was carried 
out in THF, an equimolar mixture of the desired addition products 61/62 (3:2 ratio) 
and the reduced product 26 was obtained. It is well documented in the literature that 
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addition of isopropyl-Grignard reagents to hindered substrates competes with 
reduction through hydride delivery from the nucleophile. 58 Fortunately, the product 
ratio could be improved by changing the solvent from THF to Et 2 0. The reduction 
pathway was almost completely suppressed by slow addition of i-PrMgCl to a 
solution of the aldehyde in Et2Q, while carefully maintaining the reaction 
temperature at -78 °C for several hours. Diastereomers 61 and 62 were derivatized 
as their (5>MPA and (i?)-MPA esters (MPA = a-methoxyphenylacetic acid) and 
analysed by NMR, leading to the assignment of the newly created stereocenter: 59 
Major isomer 61 has the 'unnatural' (^-configuration and minor isomer 62 has the 
'natural' (^-configuration. In addition, the results of the NMR experiment were 
probed by a degradation study. We were able to transform compound 31 (Scheme 
21), a synthetic intermediate of the total synthesis of migrastatin, into minor isomer 
62, thereby delivering convincing proof for the correctness of the configurational 
assignment The transformation was accomplished by converting alcohol 31 into its 
tosylate, reducing the tosylate with LiAUi*, 60 and removing the TES protecting 
group. For the preparation of lactones 65 and 68, the addition products 61 and 62 
were separated and independently acylated (Scheme 29). Intermediates 63 and 66 
were then subjected to our RCM conditions, furnishing the macrocycles 64 and 67 in 
very good yield. Deprotection occurred smoothly and provided the diastereomeric 
isopropyl lactones 65 and 68. 

[0388] Scheme 29. Synthesis of the Diastereomeric Isopropyl Macrolactones 65 
and 68 fl 
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[0389] 0 Reagents and conditions: (a) (i) Dess-Martin periodinane, CH 2 C1 2 , rt, (ii) /-PrMgCl, 
Et 2 0, -78 °C, 86% (3:2-mixture of 61 and 62); (b) (i) TsCl, pyridine, THF, rt, 00 LLAJH4, Et 2 0, it, 
(iii) HO Ac, H 2 0, THF (3:1:1), rt, yield not determined; (c) 6-heptenoic acid, 2,4,6-trichlorobenzoyl 
chloride, i-Pr 2 NEt, pyridine, toluene, rt, 75% (63), 70% (66); (d) Gnibbs-H catalyst 16 (20 mol%), 
toluene (0.5 mM), reflux; (e) HF-pyridine, THF, it, 65% (65 from 63), 66% (68 from 66). 

[0390] Indeed, lateral modification of the vulnerable ester bond of 
macrolactones 45 and 48 for more robust entities led to the desired effect of 
enhanced metabolic stability in all four cases: Macrolactam 55, macroketone 60, 
and isopropyl macrolactones 65 and 68 display no sign of degradation in our assay 
(Table 5). When tested for their ability to inhibit 4T1 cell migration, compounds 55 
and 60 were found to be considerably more active than the natural product 
migrastatin (255 nM and 100 nM, respectively, Table 4), although some loss of 
potency relative to lactones 45 and 48 was recorded. Surprisingly, incorporation of 
an isopropyl group at CI 3 proved to be deleterious for biological function. 
Isopropyl macrolides 65 and 68 exhibited only very weak effects on tumor cell 
migration (Table 4). 

[0391] As depicted in Scheme 30, our SAR studies were further diverted on the 
basis of macroketone 60. The ketone functionality proved to be an attractive handle 
for additional derivatization. We started our explorations by adding various 
nucleophiles to the carbonyl functionality accessing analogs 69-71. Simple NaBfLj 
reduction of 60 afforded secondary alcohol 69 as a mixture of diastereomers, while 
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addition of MeMgBr gave the corresponding tertiary carbinol mixture 70. 
Following a procedure by Olah, 61 nucleophilic addition of a trifluoromethyl group to 
60 was accomplished using (trifluoromethyl)trimethylsilane (TMSCF 3 ) and catalytic 
amounts of B114NF (TBAF). This treatment produced the TMS-protected alcohol 
intermediate which was transformed into 71 upon prolonged exposure to TBAF 
(compound 71 was isolated as a single diastereomer after chromatography). 
Traditional functionalities, such as in oxime 72, could also be easily incorporated 
starting from macroketone 60. As a part of our long term goal of elucidating the 
cellular target of migrastatin and our new migrastatin scaffolds, we condensed 
commercially available Biotin-dPEG 4 ™-hydrazide with ketone 60 furnishing the 
biotin-labeled acyl-hydrazone 73. 

[0392] Scheme 30. Deri vatization of Macroketone 60* 




[0393] a Reagents and conditions: (a) NaBU, MeOH, it, 95%; (b) MeMgBr, THF, 0 °C to it, 
95%; (c) TMSCF 3 , TBAF, THF, 0 °C to it, 80%; (d) NH 2 OH«HCl, pyridine, 45 °C, 70%; (e) Biotin- 
dPEG4-hydrazide, EtOH, 55 °C, 75%. 

[0394] Derivatives 69-73 were evaluated for their ability to inhibit tumor cell 
migration in the chamber assay. Interestingly, substitution of the ketone 
functionality for a more polar group, such as an alcohol or oxime function, seems to 
be detrimental to compound activity. Secondary alcohol 69, tertiary alcohol 70, and 
oxime 72 are rather weak migration inhibitors, with IC 50 values of 8.9 pM, 3. 1 pM, 
and 2.3 pM, respectively (Table 4). It appears that incorporation of a 
trifluoromethyl group can compensate for the loss of activity caused by the hydroxyl 
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group: Macrocyclic CF 3 -alcohol 71 displays the same activity profile as 
macroketone 60. Gratifyingly, inhibitory potency is largely retained in biotinylated 
hydrazone 73. Therefore, system 73, although a mixture of geometric isomers, 
could qualify as a probe to assist in the target identification process. 
[0395] As discussed above, there are other recently discovered natural products 
that are reported to be strong cell migration inhibitors. In particular, two 
compounds, epoxyquinol A, 12 a pentaketide dimer with anti-angiogenic activity, and 
evodiamine, 15 a potent anti-metastatic and anti-invasive alkaloid, attracted great 
interest and are currently under serious investigation by several research groups. 




epoxyquinol A evocfiamina 



[0396] TTiese natural products were tested side by side with the inventive 
migrastatin analogs for the purpose of validating and calibrating our assay. As 
shown in Table 4, the inventive macrolactones outperform evodiamine and are 
comparable to epoxyquinol A in the chamber assay. 
[0397] Table 4. Chamber Cell Migration Assay with 4T1 Tumor Cells 



compound 


IC50 (4T1 tumor cells) 


migrastatin (1) 


29 pM 


23Kiihydromigrastatin (41) 


10 nM 


i^me%l-2^Himydromigrastatin (42) 


7.0 pM 


migrastatin core (45) 


22 nM 


macrolactone (48) 


24 nM 


acetylated macrolactone (49) 


192 nM 


oxidized macrolactone (50) 


223 nM 


hydrolyzed core (51) 


378 nM 


macrolactam (55) 


255 nM 


macroketone (60) 


100 nM 


(5)-isopropyl macrolactone (65) 


227 pM 


(J?)-isopropyl macrolactone (68) 


146 pM 
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macrocyclic secondary alcohol (69) 


8.9 nM 


macrocyclic tertiary alcohol (70) 


3.1 nM 


macrocyclic CF 3 -alcohol (71) 


101 nM 


macrooxime (72) 


2.3 uM 


biotinylated macrohydrazone (73) 


331 nM 


epoxyquinol 


26 nM 


evodiamine 


315 nM 



[03981 

different concentrations). 

[0399] Table 5. Metabolic Stability of Selected Compounds in Mouse Plasma 



compound 


stability (tm, mouse plasma) 


migrastatin (1) 


stable 1 


2,3-dihydromigrastatin (41) 


stable 1 


iV-methyl-2,3-^ydromigrastatin (42) 


stable 1 


migrastatin core (45) 


20 min 


macrolactone (48) 


< 5 min 


macrolactam (55) 


stable 1 


macroketone (60) 


stable 1 


(5>isopropyl macrolactone (65) 


stable 1 


OR>isopropyl macrolactone (68) 


stable 1 



[0401] Due to the significance of endothelial cell migration in the angiogenesis 
process, the chamber cell migration assay described above was also conducted with 
HUVECs (human umbilical vein endothelial cells) and used for the evaluation of our 
most potent analogs, macrolactones 45 and 48, macrolactam 55, and macroketone 
60, together with migrastatin as a reference. The IC 50 values obtained from this 
study are listed in Table 6. The general trend in activity, with the simplified analogs 
45, 48, 55, and 60 being significantly more active against tumor cell migration than 
the parent natural product, was also observed for endothelial cells. However, some 
erosion of potency in the HUVEC determination compared to the 4T1 cell 
detennination was observed for all compounds tested. 
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[0402] Table 6. Chamber Cell Migration Assay with Human Endothelial Cells 
(HUVECs) 



compound 


ICsoCHUVEC) 1 


migrastatin (1) 


65 jiM 


migrastatin core (45) 


150 nM 


maerolactone (48) 


125 nM 


macrolactam (55) 


18 HM 


macroketone (60) 


12fiM 



different concentrations). 

[0404J In order to complete the in vitro assay data set for the inventive analogs, 
the effect of migrastatin and cell migration inhibitors 48, 55, and 60 on 4T1 cell 
proliferation was examined. Maerolactone 48, macrolactam 55, and macroketone 60 
did not have any cytotoxic or anti-proliferative effects up to 20 jiM, whereas 
migrastatin turned out to be a weak proliferation inhibitor (IC 50 value of 42 nM). 
Without wishing to be bound to any particular theory, this outcome appeasr to lead 
to the conclusion that cell proliferation inhibition is not a contributor to the effects 
observed in the chamber assays, and that the migrastatin analogs of the invention 
may be specific for cell migration inhibition. 

[0405] Without wishing to be bound to any particular theory, the following 
preliminary structure-activity relationship (SAR) trends appear to emerge: reduction 
of the 2,3-double bond of migrastatin results in no significant loss of activity. 
Similarly, alkylation of the glutarimide nitrogen does not appear to negatively 
impact activity. Complete removal of the C-13 side-chain (e.g., compounds 45, 48, 
49, 50, 55, 60 and 71), thereby producing simple macrolactones, dramatically 
increases activity. This region appears to be relatively sensitive, as indicated by the 
following observations: replacing the sidechain with a small (isopropyl) mimic 
results in almost complete loss of activity. When the oxygen of the maerolactone is 
replaced with either a nitrogen or a carbon atom, the effect is much more subtle 
(activity decreases by about one order of magnitude). When the conjugated 2,3- 
olefin is reduced, activity does not appear to be negatively impacted. For 
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compounds of formula (I) where Xi is CH 2 and Y u Y 2 taken to gether with the 
carbon atom to which they are attached is C(=0) (i.e., macroketone), oxime 
formation, reduction or addition of small nucleophiles to the ketone moiety appears 
to be detrimental to activity while the addition of larger nucleophiles (CF 3 ) is 
tolerated. The activity of compounds of formula (I) where R4 is C=0 or OAc (e.g., 
compounds 49 and 50) is minimally affected (about one order of magnitude) as 
compared to the corresponding compounds where R4 is OH (e.g., compounds 45 and 
4$). 

{0406] General Reaction Procedures; 

[0407] Unless mentioned specifically, reaction mixtures were stirred using a 
magnetically driven stirrer bar. Reactions involving air or moisture-sensitive 
reagents or intermediates were performed under argon or nitrogen atmosphere in 
glassware which had been heat gun or flame-dried under high vacuum. An inert 
atmosphere refers to either dry argon or dry nitrogen. Reactions were monitored 
either by thin layer chromatography, by proton nuclear magnetic resonance (NMR) 
or by high-pressure liquid chromatography (HPLC), of a suitably worked up sample 
of the reaction mixture. 

[0408] Indicated reaction temperatures refer to those of the reaction bam, while 
room temperature (it) is noted as 22 °C. Preparative reactions were stirred 
magnetically. Tetrahydrofuran (THF), diethyl ether (Et 2 0), methylene chloride 
(CH 2 C1 2 ), and toluene were obtained from a dry solvent system (activated alumina 
columns, positive pressure of argon). All other solvents were used as received in 
Sure/Seal bottles (Aldrich). Triethylamine (Et 3 N), diisopropylethylamine (i- 
Pr 2 NEt), pyridine, 2,6-lutidine, and chlorotrimethylsilane (TMSC1) wer e distilled 
from CaH 2 immediately prior to use. All other reagents were purchased from 
Aldrich at the highest commercial quality and used without further purification, with 
the exception of the Stryker reagent which was purchased from Fluka, the RCM 
catalysts 16 and 17 which were purchased from Strem, and biotin-dPEG 4 -hydrazide 
which was purchased from Quanta Biodesign. 

[0409] Listed below are abbreviations used for some common organic reagents 
referred to herein: 



WO 2004/087672 



PCT/US2004/009380 



168 



[0410] 
[0411J 
[0412] 
[0413] 
[0414] 
[0415] 
[0416] 
[0417] 
[0418] 
[0419] 
[0420] 



CSA: Camphorsulphonic acid 

DBU: 1 ,8-Diazabicyclo[5.4.0]undec-7-ene 

Dess-Martin: Dess-Martin periodinane 

DBAL-H: Diisobutyi aluminum hydride 

DMAP: JV^-Dimethylamhopyridine 

DMF: W-Dimethylfonnamide 

TBSOTf: Tert -butyl- dimethylsilyl triflate 

TESC1: TriethylsUyl chloride 

TFA: Trifluoroacetic acid 

TMSC1: Trimethylsilyl chloride 

THF: Tetrahydrofuran 



[0421] General Work Up Procedures: 

[0422] Unless mentioned specifically, reaction mixtures were cooled to room 
temperature or below then quenched, when necessary, with either water or a 
saturated aqueous solution of ammonium chloride. Desired products were extracted 
by partitioning between water and a suitable water-immiscible solvent (e.g. ethyl 
acetate, dichloromethane, diethyl ether). The desired product containing extracts 
were washed appropriately with water followed by a saturated solution of brine. On 
occasions where the product containing extract was deemed to contain residual 
oxidants, the extract was washed with a 10% solution of sodium sulphite in saturated 
aqueous sodium bicarbonate solution, prior to the aforementioned washing 
procedure. On occasions where the product containing extract was deemed to 
contain residual acids, the extract was washed with saturated aqueous sodium 
bicarbonate solution, prior to the aforementioned washing procedure (except in those 
cases where the desired product itself had acidic character). On occasions where the 
product containing extract was deemed to contain residual bases, the extract was 
washed with 10% aqueous citric acid solution, prior to the aforementioned washing 
procedure (except in those cases where the desired product itself had basic 
character). Post washing, the desired product containing extracts were dried over 
anhydrous magnesium sulphate, and then filtered. The crude products were then 
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isolated by removal of solvent® by rotary evaporation under reduced pressure, at an 
appropriate temperature (generally less than 45°C). 
[0423] General Purification ^oceduresj 

[0424] Unless mentioned specifically, chromatographic purification refers to 
flash column chromatography on silica, using a single solvent or mixed solvent as 
eluent. Suitably purified desired product containing elutes were combined and 
concentrated under reduced pressure at an appropriate temperature (generally less 
than 45°C) to constant mass. Final compounds were dissolved in 50% aqueous 
acetomtrile, filtered and transferred to vials, then freeze-dried under high vacuum 
before submission for biological testing. 
[0425] Analytical Equipment : 

[0426] Optical rotations were measured on a JASCO DIP-370 digital 
polarimeter at rt Concentration (c) in g/100 ml and solvent are given in 
parentheses. Infrared spectra were obtained on a Perkin Elmer 1600 FT-IR 
spectrophotometer neat or as a film in CHC1 3 (NaCl plates). Absorption bands are 
noted in cm" 1 . ! H- and ,3 C-NMR spectra were recorded on a Bruker AMX-400 or a 
Bruker DRX-500 spectrometer in CDC1 3 . Chemical shifts (lvalues) are reported in 
ppm with residual undeuterated CHC1 3 as me internal standard (referenced to 7.26 
ppm for 'H-NMR and 77.0 ppm for 13 C-NMR). Coupling constants (J) (H,H) are 
given in Hz, spectral splitting patterns are designated as singulet (s), doublet (d), 
triplet (t), quadruplet (q), multiplet or more overlapping signals (m), apparent (app), 
broad signal (br). Low resolution mass spectra (ionspray, a variation of 
electxospray) were acquired on a Perkin-Elmer Sciex API 100 spectrometer. 
Samples were introduced by direct infusion. High resolution mass spectra (fast 





mm 


l 


iti 



Flash chromatography (FC) was performed with E. Merck silica gel (60, particle 
size 0.040-0.063 mm). Preparative thin layer chromatography (TLC) was performed 
with Whatman Partisil Plates (10x1 0 cm, 60 A, 200 urn). 
[0427] Example 1 
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9 OH 



MeO 

MeO 



, ] ,, '°\/ 1. DIBAL-H ^^1 ,,,0 N/ 

Sp*0^ 2. ZnCI 2 , H 2 C=CHMgBr ^\^0 
O 18 OH 19 

[042SJ Vinyl Carbinol 19: Compound 19 was prepared using a slightly 
modified literature procedure by Madsen. (See, Jorgensen, M.; Iversen, E. H.; 
Paulsen, A. L.; Madsen, R. J. Org. Client 2001, 66, 4630). 

[0429J Preparation of the divinylzinc reagent: To vinylmagnesium bromide 
(294 mL, 294 mmol, 1.0M in THF) was added slowly a solution of anhydrous ZnCl 2 
(20.0 g, 147 mmol, beads) in THF (100 mL) to yield a dark brown solution of 
divinylzinc in THF (with some precipitate). 

[0430] Preparation of vinyl carbinol 19: To a solution of dimethyl 2,3-0- 
isopropyUdene-L-tartrate 18 (8.58 g, 39.3 mmol) in toluene (100 mL) at -78 °C was 
added slowly DIBALH (90 mL, 90.0 mmol, 1.0M in toluene). The reaction mixture 
turned into a white slurry during the course of the addition. After stirring for 3 h 
(the reaction temperature has to be kept at -78 °C to prevent overreduction), the 
divinylzinc solution as prepared above was added to the reaction mixture via 
cannula over 45 min. After stirring for another 30 min, the reaction mixture was 
warmed to rt and stirred for 4 h. The reaction mixture was then carefully (!) treated 
with saturated aqueous NH4CI solution and 20% aqueous Na/K-tartrate solution. 
The organic layer was separated and the aqueous layer was extracted with Et^O (3x). 
The combined organic layers were dried (MgS0 4 ) and concentrated under reduced 
pressure. Purification of the crude product by FC (hexane/EtOAc 4:1) afforded 
vinyl carbinol 19 (6.28 g, 75%, diastereoselectivity > 90%) as a colorless oil. 'H- 
NMR (400 MHz, CDC1 3 ) 8 6.04-5.94 (m, 2H), 5.40 (d, J = 17.3, 2H), 5.30 (d, J= 
10.5, 2H), 4.19-4.16 (m, 2H), 3.89-3.87 (m, 2H), 2.91 (br s, 2H), 1.42 (s, 6H). 



[0431] Example 2 
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9 H OMe 

<55i/ S ,,,( V/ Mel, NaH ^"^y «OH 

^Y^° DMF « rt ^y^OH 

OH 19 OMe 20 

[0432] 1,2-Biol 20: The preparation of compound 20 has been reported before 
by Chang, (See, Lee, W. W.; Chang, S. Tetrahedron: Asymmetry 1999, 10, 4473) 
but experimental details have not been provided. 

[0433] To a solution of vinyl carbinol 19 (6.28 g, 29.2 mmol) in DMF (1 00 mL) 
at 0 °C was added NaH (2.58 g, 64.5 mmol, 60% dispersion in mineral oil) and, 5 
min later, Mel (4.38 mL, 70.3 mmol). The reaction mixture was warmed to rt, 
stirred for 45 min, and then treated with 2M NH4OH. The organic layer was 
separated and the aqueous layer was extracted with Et 2 0 (3x). The combined 
organic layers were dried (MgS0 4 ) and concentrated under reduced pressure. The 
crude product was dissolved in MeOH (150 mL) and 2M HC1 (50 mL) and heated to 
reflux for 2 h. The reaction mixture was cooled to rt, treated with saturated aqueous 
Na 2 C0 3 solution and diluted with Et 2 0. The organic layer was separated and the 
aqueous layer was extracted with Et 2 0 (3x). The combined organic layers were 
dried (MgS0 4 ) and concentrated under reduced pressure. Purification of the crude 
product by FC (hexane/EtOAc 2:1) afforded 1,2-diol 20 (4.72 g, 80%) as a colorless 
oil. [<x] D +31.0° (c 1.77, CHCI3); IR (neat) 3454, 3078, 2982, 2936, 2824, 1643, 
1420, 1 192, 1 102, 992; 'H-NMR (500 MHz, CDC1 3 ) £5.77-5.71 (m, 2H), 5.36-5.32 
(m, 4H), 3.81 (app t, J = 6.3, 2H), 3.76 (d, J= 5.5, 2H), 3.32 (s, 6H), 2.96 (br s, 2H); 
I3 C-NMR (125 MHz, CDC1 3 ) 8 135.08, 119.27, 86.65, 71.23, 57.15; MS (ESI) 225 
[M+Na 4 ]; HRMS (FAB) calcd. for C, 0 H lg O4Na [M+Na 4 ] 225.1103, found 
225.1079. 



[0434] Example 3 



\ OTMS 
MeO~v v — 3 
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[0435] Butadiene 3: Compound 3 was prepared using modified literature 
procedures (See, Danishefsky, S. J. et aL; J. J. Am. Chem. Soc. 1979, 101, 7001). 
[0436] To a suspension of NaH (4.40 g, 1 10 mmol, 60% dispersion in mineral 
oil) in toluene (90 mL) and MeOH (0.1 mL) at 0 °C was added a mixture of 3- 
pentanone (10.6 mL, 105 mmol) and methyl formate (8.00 mL, 130 mmol) over 1 
hr. The reaction mixture was warmed to it, stirred for another 3 h, and then diluted 
with Et 2 0. The suspension was filtered and the precipitate was washed with Et 2 0. 
The resulting crude sodium salt of 1 -hydroxy-2-methyl- 1 -penten-3 -one was 
dissolved in DMSO (100 mL) and MejSC^ (9.16 mL, 97.0 mmol) was added at rt. 
After stirring for 30 min, the reaction mixture was treated with 2M NH4OH and 
diluted with Et 2 0. The organic layer was separated, washed with H 2 0 and saturated 
aqueous NaCI solution, dried (MgS0 4 ), and concentrated under reduced pressure to 
afford l-methoxy-2-methyl-l-penten-3-one (8.27 g, 74%). To a solution of 1- 

* 

methoxy-2-methyl-l-penten-3-one (2.60 g, 20.3 mmol) in Et 2 0 (12.0 mL) was 

added E13N (7.08 mL, 50.8 mmol) and TMSOTf (3.68 mL, 20.3 mL) at 0 °C. The 

reaction mixture was warmed to rt, stirred for another 3 h, and then poured onto a 

saturated aqueous NaHC0 3 solution. The organic layer was separated, washed with 

saturated aqueous NaCI solution, dried (MgS0 4 ), and concentrated under reduced 

pressure to afford butadiene 3 (3.66 g, 90%). 'H-NMR (400 MHz, CDC1 3 ) £6.35 (s, 

1H), 4.75 (q, /= 6.9, 1H), 3.63 (s, 3H), 1.66 (s, 3H), 1.62 (d, /= 6.9, 3H), 0.22 (s, 
9H). 



[0437] Example 4 
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OMe 




OMe 20 



O 



Pb(OAc) 4t Na 2 CQ 3 



OMe 2 



(i) TiCI* 

(ii) TFA 





QTMS 



3 



[0438] ©iiiydropyrone 21: To a solution of diol 20 (2.55 g, 12.6 mmol) in 
CH 2 C1 2 (130 mL) at 0 °C was added Na 2 C0 3 (1.40 g, 13.2 mmol) and Pb(OAc) 4 



then treated with ethylene glycol (300 uL). After stirring for another 5 min, the 
reaction mixture was filtered through a Celite pad. The filtrate was washed with 
saturated aqueous NaHC0 3 solution and saturated aqueous NaCl solution and dried 
(MgS0 4 ). The obtained solution of a-methoxy-a-vinyl aldehyde 2 in CH 2 C1 2 was 
cooled to -78 °C, and then TiCL, (2.77 mL, 25.2 mmol) and butadiene 3 (6.06 g, 
30.3 mmol) were added. After stirring for 20 min, the reaction mixture was treated 
with MeOH (5 min), followed by the addition of saturated aqueous NaHCCb 
solution and 20% aqueous Na/K-tartrate solution. The organic layer was separated 
and the aqueous layer was extracted with CH 2 C1 2 (3x). The combined organic layers 
were dried (MgS0 4 ) and concentrated under reduced pressure. The crude product 
was dissolved in CH 2 C1 2 (130 mL) and TFA (13 mL) and stirred for 1 hr. Toluene 
(50 mL) was added and the reaction mixture was concentrated under reduced 
pressure. Purification of the crude product by FC (hexane/EtOAc 20:1 — > 10:1 — * 
7:1) afforded dihydropyrone 21 (4.31 g, 87%) as a colorless oil. [a] D +77.1° (c 
2.00, CHC1 3 ); IR (neat) 2980, 2938, 2883, 2827, 1785, 1671, 1622, 1602, 1460, 
1387, 1305, 1214, 1176, 1085, 1010; J H-NMR (500 MHz, CDC1 3 ) 8 7.36 (s, 1H), 
5.63-5.54 (m, 1H), 5.48-5.43 (m, 2H), 4.25 (dd, J= 8.6, 2.9, 1H), 3.88 (app t, J = 
8.5, 1H), 3.37 (s, 3H), 2.44 (dq, J= 7.2, 2.9, 1H), 1.68 (s, 3H), 1.07 (d, J= 7.2, 3H); 
13 C-NMR (125 MHz, CDCI3) 8 198.99, 160.75, 131.79, 122.06, 112.51, 82.69, 
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81.99, 56.37, 40.62, 10.42, 9.96; MS (ESI) 219 [M+Na 4 ]; HRMS (FAB) calcd for 
CuH 16 0 3 Na [M+Na*] 219.0997, found 219.0991. 

[0439] Bsample 5 




[0440] Diol 25: To a solution of dihydropyrone 21 (4.30 g, 2L9 mmol) in THF 
(50 mL) at -10 °C was added MeOH (977 jiL, 24.1 mmol) and LiBHU (12.1 mL, 
24.1 mmol, 2M in THF). After stirring for 10 min, the reaction mixture was 
carefully treated with 0.2M HC1 (25 mL) and stirring was continued for another 20 
min. Then the organic layer was separated and the aqueous layer was extracted with 
EtOAc (4x). The combined organic layers were dried (MgS0 4 ) and concentrated 
under reduced pressure. The crude alcohol 22 was dissolved in THF (280 mL) and 
H 2 0 (28 mL), and champhorsulfonic acid (1.02 g, 4.38 mmol) was added. After 
refluxing for 2 h, the reaction mixture was treated with saturated aqueous NaHC0 3 
solution. The organic layer was separated and the aqueous layer was extracted with 
EtOAc (3x). The combined organic layers were dried (MgSOit) and concentrated 
under reduced pressure. The crude lactol 23 was dissolved in THF (60 mL) and 
H 2 0 (15 mL), and LiBfL* (12.1 mL, 24.1 mmol, 2M in THF) was added at rt. After 
stirring for 15 min, the reaction mixture was treated with 0.2M HC1 (35 mL) and 
stirring was continued for another 20 min. Then the organic layer was separated and 
the aqueous layer was extracted with EtOAc (3x). The combined organic layers 
were dried (MgS04) and concentrated under reduced pressure. Purification of the 
crude product by FC (hexane/EtOAc 4:1 -> 2:1 1:1) afforded diol 25 (2.34 g, 
53%) as a colorless oil. [a] D +40.0° (c 1.00, CHC1 3 ); IR (CHC1 3 ) 3621, 3565, 3444, 
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3012, 2934, 2868, 1449, 1393, 1238, 1083; 'H-NMR (500 MHz, CDC1 3 ) £5.74-5.67 
(m, 1H), 5.33-5.25 (m, 2H), 5.16 (d, /= 10.2, 1H), 4.12 (d, J= 1 1.9, 1H), 3.95 (d, J 
= 1 1.9, 1H), 3.48 (dd, J= 8.1, 5.4, 1H), 3.26 (app t, J= 5.5, 1H), 3.23 (s, 3H), 2.74- 
2.68 (m, 1H), 2.57 (br s, 2H), 1.79 (d, J = 1.4, 3H), 0.98 (d, /= 6.9, 3H); I3 C-NMR 
(125 MHz, CDC1 3 ) 5 135.32, 135.20, 130.41, 119.51, 83.42, 77.44, 61.51, 55.93, 
34.80, 21.89, 16.85; MS (ESI) 223 [M+Na 4 ]; HRMS (FAB) calcd. for e n H 20 O3Na 
[M+Na 4 ] 223.1310, found 223.1301. 



[0441] Example 6 




[0442] Dimeric Acetal 24: The Ferrier rearrangement described above was 
carried out at a concentration of 0.07M. When the Ferrier rearrangement was 
conducted at a concentration of 0.30M, the formation of a side product, which 
corresponds to dimeric acetal 24, was observed. Compound 24 was isolated after 
FC (hexane/EtOAc 20:1 10:1) in 15-20% yield as a white crystalline solid. M.p. 
83-85 «C; [a] D -161.3° (c 1.00, CHC1 3 ); IR (CHC1 3 ) 3003, 2910, 2816, 1446, 1382, 
1317, 1211, 1088, 965; ^-NMR (500 MHz, CDCI3) £5.67-5.59 (m, 4H), 5.39-5.28 
(m, 6H), 3.93 (dd, J= 8.4, 2.9, 2H), 3.57 (app t, J= 8.2, 2H), 3.32 (s, 6H), 1.94-1.91 
(m, 2H), 1.74 (s, 6H), 0.91 (d, J= 6.8, 6H); ,3 C-NMR (125 MHz, CDC1 3 ) £134.66, 
132.01, 129.40, 119.11, 93.37, 83.15, 72.19, 56.79, 30.44, 18.81, 12.78; MS (ESI) 
401 [M+Na 4 ]; HRMS (FAB) calcd. for C^sOs [M+H 4 ] 379.2485, found 
379.2486. 

[0443] Example 7 
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[0444] Monoprotected Piol 26: To a solution of diol 25 (364 mg, 1.82 mmol) 
in CH 2 C1 2 (8 mL) at rt was added 2,6-lutidine (530 uL, 4.55 mmol) and TBSOTf 
(961 uL, 4.19 mmol). After stirring for 20 min, the reaction mixture was treated 
with saturated aqueous NaHC0 3 solution. The organic layer was separated and the 
aqueous layer was extracted with CH 2 C1 2 (3x). The combined organic layers were 
dried (MgS0 4 ) and concentrated under reduced pressure. Purification of the crude 
product by FC (hexane/EtOAc 30:1) afforded the corresponding diprotected diol 
(731 mg, 94%) as a colorless oil. [a] D +0.1° (c 1.00, CHC1 3 ); IR (CHC1 3 ) 2929, 
2856, 1472, 1253, 1076; 'H-NMR (500 MHz, CDC1 3 ) 8 5.67-5.60 (m, 1H), 5.29- 
521 (m, 3H), 4.14 (d, J= 11.8, 1H), 4.04 (d, J= 11.8, 1H), 3.43 (dd, J= 7.2, 2.9, 
1H), 3.37 (app t, J= 7.5, 1H), 3.21 (s, 3H), 2.60-2.56 (m, 1H), 1.72 (d, J= 0.9, 3H), 
0.91-0.89 (m, 21H), 0.05-0.04 (m, 12H); ,3 C-NMR (125 MHz, CDC1 3 ) 8 135.44, 
133.27, 131.41, 118.43, 86.20, 78.68, 61.91, 56.17, 33.85, 26.17, 25.93, 20.99, 
18.56, 18.36, 14.13, -3.82, -4.80, -5.29; MS (ESI) 451 [M+Na 4 ]; HRMS (FAB) 
calcd. for C^gQsSfcNa [M+Na 4 ] 451.3040, found 451 .3054. 
[04451 A solution of the diprotected diol (73 1 mg, 1 .71 mmol) in HOAc (9 mL), 
THF (3 mL), and H 2 0 (3 mL) was stirred at rt for 8 h. The reaction mixture was 
neutralized with solid Na 2 C0 3 and diluted with H 2 0 and Et 2 0. The organic layer 
was separated and the aqueous layer was extracted with Et 2 0 (3x). The combined 
organic layers were dried (MgS0 4 ) and concentrated under reduced pressure. 
Purification of the crude product by FC (hexane/EtOAc 10:1 -> 5:1) afforded 
monoprotected diol 26 (456 mg, 85%) as a colorless oil. [a] D +3.8° (c 1 .85, CHC1 3 ); 
IR (neat) 3352, 2957, 2930, 2857, 1472, 1462, 1250, 1127, 1081, 1028; 'H-NMR 
(500 MHz, CDCI3) 8 5.73-5.66 (m, 1H), 5.30-5.24 (m, 3H), 4.12 (dd, J= 11.8, 4.9, 
1H), 4.00 (dd, J= 11.8, 6.5, 1H), 3.48-3.43 (m, 2H), 3.22 (s, 3H), 2.69-2.61 (m, 
1H), 1.78 (d, 1.1, 3H), 1.68 (br t, 1H), 0.90-0.89 (m, 12H), 0.06 (s, 3H), 0.04 (s, 
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3H); I3 C-NMR (125 MHz, CDCb) S 135.15, 133.05, 118.54, 85.89, 78.28, 61.76, 
56.12, 34.23, 26.11, 25.64, 21.53, 18.49, 15.32, -3.88, -4.70; MS (ESI) 337 
[M+Na 4 ]; HRMS (FAB) calcd. for C 17 H340 3 SiNa [M+Na 4 ] 337.2175, found 
337.2162. 



[0446] Esample 3 

O O 
Bn 28 

[0447] Propionyl Oxazolidinone 28: Compound 28 was prepared by reaction 
of (#M+)-4-ben2yl-2-oxazoUdinone with BuLi and propionyl chloride in THF 
according to standard literature procedures (See, Evans, D. A. Aldrichimica Acta 
1982,75,23). 



[0448] Example 9 



26 Dess-Martin 
Periodinane 




"OTBS 
OMe 27 




i) MgCI 2l Et 3 N, TMSCI 

ii) TFA, MeOH 

H ^ 

Bn 28 ^Y'" 0TBS R = H (29) 

OMe 

[0449] Aldol Product 29: To a solution of alcohol 26 (1 89 mg, 0.601 mmol) in 
CH2CI2 (4 mL) at rt was added Dess-Martin periodinane (280 mg, 0.661 mmol). 
After stirring for 50 min, the reaction mixture was treated with saturated aqueous 
Na 2 S 2 0 3 solution and saturated aqueous NaHC0 3 solution. The organic layer was 
separated and the aqueous layer was extracted with CH 2 C1 2 (3x). The combined 
organic layers were dried (MgS0 4 ) and concentrated under reduced pressure to yield 
crude aldehyde 27. IR (neat) 2958, 2936, 2891, 2858, 1674, 1467, 1378, 1249, 
1126, 1093, 1031; 'H-NMR (500 MHz, CDCI3) 5 10.06 (s, 1H), 6.51 (dd, J= 10.7, 
1.5, 1H), 5.63 (ddd, J= 17.4, 10.5, 7.9, 1H), 5.32-5.25 (m, 2H), 3.56 (dd, J= 6.6, 
3.8, 1H), 3.45 (app t, J= 7.3, 1H), 3.42-3.35 (m, 1H), 3.20 (s, 3H), 1.75 (s, 3H), 1.03 
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(d, J = 6.6, 3H), 0.91 (s, 9H), 0.07 (s, 3H), 0.02 (s, 3H); ,3 C-NMR (125 MHz, 
CDC1 3 ) £191.36, 153.37, 134.76, 133.96, 119.12, 85.73, 78.03, 56.21, 33.15, 26.05, 
18.44, 16.37, 14.73,-3.84,-4.85. 

[04S0] The crude aldehyde 27 was dissolved in EtOAc (2 mL) and added to neat 
propionyl oxazolidinone 28 (210 mg, 0.902 mmol). The reaction mixture was then 
Heated at rt wfth anhydrous MgCl 2 (57 mg, 0.601 mmol), Et 3 N (210 pX, 1.50 
mmol), and TMSC1 (153 uL, 1.20 mmol). After stirring for 36 h, the reaction 
mixture was filtered through a silica plug (Et 2 0) and the filtrate was concentrated 
under reduced pressure. The residual oil was dissolved in MeOH (3 mL), treated 
with TFA (1 drop) and stirred for 10 min. Toluene (3 mL) was added and the 
reaction mixture was concentrated under reduced pressure. Purification of the crude 
product by FC (hexane/ CH 2 C1 2 1:1 CH 2 C1 2 ) afforded aldol product 29 (219 mg, 
67%) as a colorless oil. [ct] D -16.1 6 (c 1.77, CHC1 3 ); IR (neat) 3505, 2920, 2856, 
1782, 1699, 1453, 1384, 1258, 1208, 1125, 1079, 1020; 'H-NMR (500 MHz, 
CDCI3) (J7.35-7.26 (m, 5H), 5.64 (ddd, J= 17.6, 10.3, 7.6, 1H), 5.56 (d, 7= 10.2, 
1H), 5.37 (dd, / = 10.4, 1.8, 1H), 5.30 (dd, J = 17.4, 1.8, 1H), 4.73-4.69 (m, 2H), 
4.22-4.16 (m, 2H), 4.14-4.08 (m, 1H), 3.46 (dd, J = 8.0, 1.8, 1H), 3.39 (app t, J = 
8.0, 1H), 3.36 (dd, J= 14.1, 3.8, 1H), 3.21 (s, 3H), 2.81 (dd, J= 13.6, 9.6, 1H), 2.75- 
2.68 (m, 1H), 2.39 (br s, 1H), 1.75 (s, 3H), 1.02 (d, J= 7.0, 3H), 0.92 (s, 9H), 0.91 
(d, J= 6.0, 3H), 0.07 (s, 3H), 0.04 (s, 3H); 13 C-NMR (125 MHz, CDC1 3 ) 5 176.48, 
153.94, 135.68, 135.35, 134.76, 131.41, 129.52, 128.94, 127.29, 119.26, 86.43, 
78.16, 72.78, 66.06, 56.01, 55.76, 41.09, 37.74, 33.44, 26.16, 18.60, 17.16, 14.48, 
13.60, -3.74, -4.86; MS (ESI) 546 [M+H 4 ]; HRMS (FAB) calcd. for C 30 H4»NO 6 Si 
[M+H*] 546.325 1 , found 546.325 1 . 

[0451] Example 10 
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'"OTBS 



OMe 



TESCI, imidazole ,»L ^ \-J 
" TES T J B ° 

'''OTBS 



29 




OMe 



30 



LiBH 4 . MeOH 



TESO^ 




'''OTBS 
OMe 31 

[0452] Primary Alcohol 31: To a solution of aldol product 29 (215 mg, 0.394) 
in CH 2 C1 2 (5 mL) at rt was added imidazole (107 mg, 1.58 mmol) and TESC1 (198 
uL, 1.18 mmol). After stirring for 12 h, the reaction mixture was treated with H 2 0 
and diluted with CH 2 C1 2 . The organic layer was separated and the aqueous layer 
was extracted with CH 2 C1 2 (3x). The combined organic layers were dried (MgS0 4 ) 
and concentrated under reduced pressure to afford the TES-protected aldol product 
30. The crude product 30 was dissolved in THF (5 mL), and MeOH (64 uL, 0.394 
mmol) and LiBHj (35 mg, 1.58 mmol) were added at rt After stiiring for 1 h, the 
reaction mixture was treated with 0.5M NaOH. The organic layer was separated and 
the aqueous layer was extracted with Et 2 0 (3x). The combined organic layers were 
dried (MgS0 4 ) and concentrated under reduced pressure. Purification of the crude 
product by FC (hexane/EtOAc 10:1) afforded primary alcohol 31 (159 mg, 83%) as 
a colorless oil. [a] D +10.9° (c 2.38, CHCI3); IR (neat) 3460, 2970, 2930, 2880, 
1460, 1380, 1250, 1130, 1060, 1020; 'H-NMR (500 MHz, CDC1 3 ) <J5.60-5.53 (nj 
1H), 5.35-5.26 (m, 3H), 4.31 (d, J= 9.1, 1H), 3.68-3.58 (m, 2H), 3.42-3.34 (m, 2H), 
3.20 (s, 3H), 3.13 (app d, J= 7.0, 1H), 2.65-2.59 (m, 1H), 1.94-1.88 (m, 1H), 1.67 
(d, J= 1.2, 3H), 0.94 (t, J = 8.0, 9H), 0.93-0.91 (m, 12H), 0.70 (d, J= 7.1, 3H), 0.58 
(q, J = 8.0, 6H), 0.04 (s, 3H), 0.00 (s, 3H); ,3 C-NMR (125 MHz, CDCI3) 5 135.10, 
133.66, 133.46, 118.84, 86.46, 78.30, 76.58, 68.33, 56.08, 38.87, 33.24, 26.13,' 
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18.58, 17.70, 14.25, 12.64, 6.75, 4.74, -3.85, -4.89; MS (ESI) 509 [M+Na*]; HRMS 
(FAB) calcd. for C 2 6H540 4 Si2Na [M+Na*] 509.3458, found 509.3468. 

[0453J Example 11 

O 

[04541 Glutarimide Aldehyde 5: Compound 5 was synthesized according to a 
literature procedure (See, Egawa, Y. et at; Chan. Pharm. Bull 1963, 1 1, 589). 

[0455] Example 12 

O O 




[0456J Enone 33: To a solution of primary alcohol 31 (142 mg, 0.292 mmol) in 
CH 2 C1 2 (5 mL) at rt was added Dess-Martin periodinane (136 mg, 0.321 mmol). 
After stirring for 45 min, the reaction mixture was treated with saturated aqueous 
Na 2 S 2 03 solution and saturated aqueous NaHC0 3 solutioa The organic layer was 
separated and the aqueous layer was extracted with CH 2 C1 2 (3x). The combined 
organic layers were dried (MgS0 4 ) and concentrated under reduced pressure. In a 
separate flask, dimethyl methylphosphonate (316 uL, 2.92 mmol) in THF (2 mL) at 
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-78 °C was treated with BuLi (1.64 mL, 2.62 mmol, 1.6M in hexane). After stirring 
for 20 min, the crude aldehyde obtained from the Dess-Martin oxidation was 
dissolved in THF (lmL) and added to the reaction mixture. The reaction mixture 
was warmed to 0 °C, stirred for 15 min, and then treated with saturated aqueous 
NH4CI solution. The organic layer was separated and the aqueous layer was 
extracted with EtOAc (4x). The combined organic layers were dried (MgS0 4 ) and 
concentrated under reduced pressure. The crude product was dissolved in CH 2 C1 2 (5 
mL), and Dess-Martin periodinane (136 mg, 0.321 mmol) was added at rt After 
stirring for 20 min, the reaction mixture was treated with saturated aqueous Na 2 S 2 0 3 
solution and saturated aqueous NaHC0 3 solution. The organic layer was separated 
and the aqueous layer was extracted with CH 2 C1 2 (lx) and EtOAc (3x). The 
combined organic layers were dried (MgS0 4 ) and concentrated under reduced 
pressure. The crude phosphonate 32 was put under high vacuum for 1 hr. To a 
solution of the crude product 32 in MeCN (5 mL) at rt was added anhydrous LiCl 
(25 mg, 0.583 mmol) and DBU (87 uL, 0.583 mmol). After stirring for 10 min, a 
solution of glutarimide aldehyde 5 (136 mg, 0.875 mmol) in MeCN (1 mL) was 
added. After stirring for 1 h, the reaction mixture was treated with saturated 
aqueous NH4CI solution and diluted with EttOAc. The organic layer was separated 
and the aqueous layer was extracted with EtOAc (3x). The combined organic layers 
were dried (MgS0 4 ) and concentrated under reduced pressure. Purification of the 
crude product by FC (hexane/EtOAc 4:1 -> 2:1) afforded enone 33 (105 mg, 57%) 
as a colorless oil. [a] D +4.4° (c 1.69, CHC1 3 ); fit (neat) 2955, 2931, 2877, 2855, 
1722, 1698, 1628* 1461, 1377, 1288, 1254, 1128, 1066, 1035; , H-NMR(500 MHz, 
CDCI3) £7.91 (br s, 1H), 6.71-6.67 (m, 1H), 6.26 (d, J= 15.9, 1H), 5.65 (ddd, J= 
17 A, 10.4, 8.4, 1H), 5.41-5.36 (m, 2H), 5.29 (dd, J= 17.4, 1.6, 1H), 4.62 (d,J= 9.3, 
1H), 3.43 (app d, J= 7.2, 1H), 3.38-3.33 (m, 1H), 3.21 (s, 3H), 3.09-2.99 (m, 1H), 
2.75-2.66 (m, 3H), 2.36-2.28 (m, 5H), 1.66 (s, 3H), 0.91 (s, 9H), 0.87-0.82 (m, 
15H), 0.46 (q, J = 7.9, 6H), 0.05 (s, 3H), -0.01 (s, 3H); 13 C-NMR (125 MHz, 
CDCI3) £202.98, 171.17, 140.21, 134.99,. 134.43, 134.09, 132.47, 119.18, 86.57, 
78.53, 72.86, 55.97, 47.67, 37.47, 37.43, 37.27, 33.22, 29.82, 29.69, 26.13, 18.59, 
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14.18, 12.53, 6.76, 4.71, -3.83, -4.91; MS (ESI) 636 [M+H+]; HRMS (FAB) calcd. 
for C34H62N0 6 Si2 [M+H*] 636.41 16, found 636.4116. 

[0457] Example 13 

[0458] Secondary Alcohol 34: To a solution of enone 33 (101 mg, 0.159 
mmol) in toluene (4.5 mL) at rt was added the Stryker reagent (156 mg, 0.079 
mmol, dark red solid if quality is good). After stirring for 3.5 h, hexane (3 mL) was 
added, and the reaction mixture was exposed to air, stirred for 20 min, and 
concentrated under reduced pressure. Purification of the crude product by FC 
(hexane/EtOAc 6:1 — * 2:1) afforded the corresponding saturated ketone as a 
colorless oil. [oc] D +7.7° (c 3.00, CHC1 3 ); IR (neat) 3217, 2954, 2932, 2877, 1713, 
1459, 1377, 1253, 1126, 1061, 1035, 1006; ! H-NMR (500 MHz, CDC1 3 ) £8.05 (br 
s, 1H), 5.63 (ddd, J= 17.0, 10.0, 8.2, 1H), 5.40-5.36 (m, 2H), 5.28 (dd, J= 17.0, 1.8, 
1H), 4.55 (d, J= 9.4, 1H), 3.41 (dd, J= 8.2, 1.2, 1H), 3.35 (app t, J= 8.2, 1H), 3.19 
(s, 3H), 2.82-2.64 (m, 4H), 2.60-2.41 (m, 2H), 2.29-2.23 (m, 2H), 2.18-2.10 (m, 
1H), 1.62 (d, J = 1.2, 3H), 1.61-1.53 (m, 2H), 1.43-1.34 (m, 2H), 0.92-0.90 (m, 
12H), 0.86 (t, J= 7.8, 9H), 0.77 (d, J= 7.0, 3H), 0.46 (q, J= 7.8, 6H), 0.03 (s, 3H), 
-0.02 (s, 3H); ,3 C-NMR (125 MHz, CDC1 3 ) 8 213.45, 172.06, 134.91, 134.57, 
132.25, 119.24, 86.58, 78.52, 72.90, 55.94, 49.29, 44.53, 37.75, 34.32, 33.18, 30.44, 
26.11, 19.97, 18.57, 17.16, 13.90, 12.46, 6.75, 4.71, -3.85, -4.93; MS (ESI) 638 
[M+H 4 ]; HRMS (FAB) calcd. for C34H64N0 6 Si 2 [M+H*] 638.4272, found 638.4273. . 
[0459] A solution of the saturated ketone in HOAc (3 mL), THF (1 mL), and 
H2O (1 mL) was stirred at rt for 2 h. The reaction mixture was neutralized with 
solid Na2C0 3 and diluted with H2O and EtOAc. The organic layer was separated 
and the aqueous layer was extracted with EtOAc (3x). The combined organic layers 
were dried (MgSO,}) and concentrated under reduced pressure. Purification of the 
crude product by FC (hexane/EtOAc 41 -* 1:1) afforded secondary alcohol 34 (68 
mg, 82%) as a white foam. [a] D +1.0° (c 1.00, CHC1 3 ); IR (CHC1 3 ) 3601, 3366, 
3035, 2931, 2861, 1708, 1455, 1378, 1249, 1120, 1026; 'H-NMR (500 MHz, 
CDC1 3 ) 5 8.22 (br s, 1H), 5.63-5.56 (m, 1H), 5.48 (d, J= 9.3, 1H), 5.33 (dd, / = 
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10.3, 1.5, 1H), 5.27 (dd, J= 17.2, 1.5, 1H), 4.60 (d, J= 9.8, 1H), 3.42-3.35 (m, 2H), 
3.18 (s, 3H), 2.79-2.63 (m, 4H), 2.58-2.54 (m, 2H), 2.29-2.23 (m, 2H), 2.18-2.10 (m, 
1H), 1.95 (br s, 1H), 1.67 (d, J= 1.0, 3H), 1.66-1.59 (m, 2H), 1.42-1.37 (m, 2H), 
0.91 (s, 9H), 0.89 (d, J= 6.6, 3H), 0.87 (d, J= 7.1, 3H), 0.05 (s, 3H), 0.01 (s, 3H); 
13 C-NMR (125 MHz, CDC1 3 ) J 214.01, 172.21, 135.51, 134.72, 131.56, 119.19, 
86.30, 78.26, 71.69, 55.98, 48.87, 42.70, 37.73, 37.70, 34.08, 33.26, 30.32, 26.11, 
20.07, 18.55, 17.35, 13.87, 13.63, -3.79, -4.90; MS (EST) 546 fM+Na*]; HRMS 
(FAB) calcd. for C^eNOeSiNa [M+Na^J 546.3227, found 546.3227. 

[0460] Example 14 

[0461] 2,6-Heptadienoic Acid 6: Compound 6 can be prepared by y-alkylation 
of crotonic acid with allyl bromide (See, Katzenellenbogen, J. A. et off.; J. Chem. 
Soc, Perkin Trans. 1 1998, 2721). However, it was found mat the procedure 
described below is more convenient for larger scale preparations of 2,6-heptadienoic 
acid 6. 

[0462] To a solution of oxalyl chloride (3.36 mL, 39.2 mmol) in CH 2 C1 2 (100 
mL) at -78 °C was added DMSO (5.56 mL, 78.3 mmol). After stirring for 5 min, 4- 
penten-l-ol (2.00 mL, 19.6 mmol) was added, and after another 15 min Et 3 N (13.6 
mL, 97.9 mmol) was added. The reaction mixture was warmed to rt and then treated 
with 0.1M HC1. The organic layer was separated, washed with saturated aqueous 
NaCl solution, dried (MgS0 4 ), and treated with Ph 3 PCHC02f-Bu (7.38 g, 19.6 
mmol) at rt The reaction mixture was stirred for 5 h and then treated with saturated 
aqueous NH4CI solution and diluted with CH2CI2. The organic layer was separated 
and the aqueous layer was extracted with CH 2 C1 2 (3x). The combined organic layers 
were dried (MgS04) and concentrated under reduced pressure. The crude product 
was filtered through a silica plug (CH^Vpentane 1:1) to give /-butyl (E)-2,6- 
heptadienoate. To a solution of this ester in CH 2 C1 2 (40 mL) was added TFA (5 mL) 
at rt. After stirring for 12 h, the reaction mixture was concentrated under reduced 
pressure. Purification of the crude product by FC (hexane/EtOAc 15:1 -* 5:1) 
afforded 2,6-heptadienoic acid 6 (1.67 g, 68%) as a colorless oil. 'H-NMR (400 
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MHz, CDCI3) 8 7. 12-7.05 (m, 1H), 5.88-5.76 (m, 2H), 5.08-5.02 (m, 2H), 2.37-2.32 
(m, 2H), 2.26-2.21 (m, 2H). 

[0463] Esample 15 

[0464] ForraatioQ of the mined anhydride: To a solution of 2,6-heptadienoic 
acid 6 (68 mg, 0.535 mmol) in toluene (1 mL) at rt was added 2,4,6-trichlorobenzoyl 
chloride (84 \iL, 0.535 mmol) and i-Pr 2 NEt (89 uL, 0.508 mmol). The reaction 
mixture was stirred for 3 h and then used as it is as a stock solution (0.54M) for the 
subsequent acylation reactions. 

[0465] Example 16 

[0466] Unsaturated Ester 35: To a solution of alcohol 34 (4 1 mg, 0.078 mmol) 
in toluene (0.1 mL) at rt was added pyridine (25 \iL, 0.313 mmol) and the mixed 
anhydride (See above for the preparation of a stock solution of the mixed anhydride 
in toluene ) (460 uL, 0.235 mmol, 0.54M in toluene). After stirring for 24 h, the 
reaction mixture was directly loaded onto a silica column and purified by FC 
(hexane/EtOAc 10:1 4:1 2:1) to afford unsaturated ester 35 (33 mg, 67%) as a 
colorless oil. [a] D -29.0° (c 1.00, CHC1 3 ); TR (neat) 3214, 3081, 2930, 2856, 1722, 
1452, 1377, 1256, 1126, 1028; 'H-NMR(500 MHz, CDCI3) £7.87 (br s, 1H), 6.89 
(app dt, J= 15.5, 6:8, 1H), 5.81-5.62 (m, 4H), 5.61 (dd, J= 10.3, 1.2, 1H), 5.38 (dd, 
J= 103, 1.8, 1H), 5.32 (dd, J= 17.3, 1.4, 1H), 5.03-4.98 (m, 2H), 3.43-3.39 (m, 
2H), 3.21 (s, 3H), 3.00-2.85 (m, 2H), 2.72-2.68 (m, 2H), 2.56-2.44 (m, 2H), 2.30- 
2.24 (m, 4H), 2.23-2.08 (m, 3H), 1.62 (s, 3H), 1.61-1.58 (m, 2H), 1.36-1.32 (m, 2H), 
0.94 (app t, J = 7.2, 6H), 0.90 (s, 9H), 0.06 (s, 3H), 0.00 (s, 3H); ,3 C-NMR (125 
MHz, CDCI3) £211.20, 171.83, 164.68, 148.92, 137.72, 136.96, 134.57, 127.00, 
121.15, 119.23, 115.60, 86.28, 78.39, 73.79, 56.03, 47.39, 41.45, 37.72, 34.16, 
33.84, 31.97, 31.46, 30.40, 26.21, 26.13, 20.10, 18.59, 17.70, 13.72, 12.66,-3.76,- 
4.94; MS (ESI) 654 [M+Na 4 ]; HRMS (FAB) calcd. for C 3 5H5 7 N0 7 SiNa [M+Na 4 ] 

■ 

654.3826, found 654.3835. 
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[0467] Example 17 

[0468] TBS-Migrastatin 37: To a solution of unsaturated ester 35 (29 mg, 
0.046 mmol) in refluxing toluene (100 mL) was added Grubbs-II catalyst 16 (8 mg, 
0.0092 mmol). After stirring for 15 min, the reaction mixture was cooled to rt and 
filtered through a silica plug (hexane/EtOAc 1 :3). Purification of the crude product 
by FC (hexane/EtOAc 5:1 -^2:1 — > 1:1) afforded TBS-migrastatin 37 (19 mg, 69%) 
as a white solid. [<x] D +13.7° (c 0.50, CHC1 3 ); 'H-NMR (500 MHz, CDC1 3 ) 81.11 
(br s, 1H), 6.54-6.48 (m, 1H), 5.59 (d, 7= 15.7, 1H), 5.56 (d, J= 10.7, 1H), 5.51- 
5.45 (m, 1H), 5.22 (dd, J= 15.4, 4.6, 1H), 5.08 (d, J= 9.5, 1H), 3.39 (dd, J± 8.1, 
4.6, 1H), 3.19 (s, 3H), 3.03 (app d, J= 7.8, 1H), 2.98-2.92 (m, 1H), 2.91-2.85 (m, 
1H), 2.73-2.68 (m, 2H), 2.50 (app t, 7= 6.9, 2H), 2.44-2.40 (m, 2H), 2.29-2.09 (m, 
5H), 1.81 (d, J= 1.1, 3H), 1.64-1.57 (m, 2H), 1.37-131 (m, 2H), 1.11 (d, J= 7.2, 
3H), 0.92-0.90 (m, 12H), 0.04 (s, 3H), -0.01 (s, 3H); I3 C-NMR (125 MHz, CDC1 3 ) 8 
210.81, 171.82, 163.80, 150.36, 133.94, 130.17, 129.49, 128.78, 121.88, 83.37, 
79.25, 76.82, 56.68, 51.15, 40.24, 37.70, 37.68, 34.17, 33.47, 31.15, 30.36, 30.27, 
26.29, 20.12, 18.63, 13.61, 13.30, -3.61, -4.95; MS (ESI) 626 [M+Na+j; HRMS 
(FAB) calcd. for C 33 H S3 NC>7SiNa [M+Na^J 626.3489, found 626.3489. 



[0469] Example 18 

[0470] Migrastatin 1: To a solution of TBS-migrastatin 37 (19 mg, 0.032 
mmol) in THF (1.5 mL) at rt was added HF-pyridine (0.25 mL). After stirring for 
15 h, the reaction mixture was carefully treated with MeOTMS (3 mL) and 
concentrated under reduced pressure. Purification of the crude product by FC 
(hexane/EtOAc 2:1 — 1:1 1:2) afforded migrastatin 1 (13 mg, 85%) as a white 
solid. [a] D +12.6° (c 0.50, MeOH); 'H-NMR (500 MHz, CDCI 3 ) 81X1 (br s, 1H), 
6.49 (ddd, J= 15.7, 10.5, 3.7, 1H), 5.64 (dd, J= 10.7, 1.2, 1H), 5.58 (dd, J= 15.7, 
1.2, 1H), 5.54-5.48 (m, 1H), 5.24 (dd,7= 15.5, 4.7, 1H), 5.08 (d, J= 10.0, 1H), 3.47 
(dd, J= 8.7, 4.7, 1H), 3.30 (s, 3H), 3.03 (dd, J= 8.7, 1.7, 1H), 2.99-2.87 (m, 2H), 
2.80 (br s, 1H), 2.73-2.68 (m, 2H), 2.50 (app t, J = 6.9, 2H), 2.44-2.39 (m, 2H), 
2.28-2.17 (m, 4H), 2.16-2.08 (m, 1H), 1.86 (d, 1.2, 3H), 1.69-1.55 (m, 2H), 1.41- 
1.30 (m 5 2H), 1.12 (d, 7= 7.2, 3H), 0.96 (d, 7 = 6.9, 3H); 13 C-NMR (125 MHz, 
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CDCI3) 5210.88, 171.78, 163.86, 150.01, 132.99, 131.17, 130.46, 127.87, 122.08, 
8239, 77.92, 76.92, 56.93, 51.18, 39.88, 37.68, 37.66, 34.12, 31.93, 31.08, 30.34, 
30.09, 25.99, 20.09, 13.39; MS (ESI) 512 [M+Na 4 ]; HRMS (FAB) calcd. for 
C27H 3 9N0 7 Na [M+Na 4 ] 512.2624, found 512.2604. 

[0471J Example 19 

[0472] 6-Hepteaoyl Chloride 38: To a solution of 6-heptenoic acid (25 1 jiL, 
1.85 mmol) in CH 2 C1 2 (5 mL) at rt was added oxalyl chloride (476 ^L, 5.55 mmol) 
and DMF (1 drop). After stirring for 1 hr, the reaction mixture was concentrated 
under reduced pressure and put under high vacuum for 15 min. The residual yellow 
oil was dissolved in CH2CI2 (3 mL) and used as a stock solution (0.62M) for the 
subsequent acylation reactions. 

• » ■# * 

[0473] Example 20 

[0474] Ester 39: To a solution of alcohol 34 (37 mg, 0.070 mmol) in CH 2 C1 2 (2 
mL) at rt was added DMAP (17 mg, 0.139 mmol) and 6-heptenoyl chloride (See 
above for the preparation of a stock solution of 6-heptenoyl chloride 38 in CH2CI2) 
38 (202 \iL, 0.125 mmol, 0.62M in CH 2 C1 2 ). After stirring for 2 h, the reaction 
mixture was treated with 0.1M HC1 and diluted with CH2CI2. The organic layer was 
separated and the aqueous layer was extracted with CH2CI2 (3x). The combined 
organic layers were dried (MgSQi) and concentrated under reduced pressure. 
Purification of the crude product by FC (hexane/EtOAc 10:1 — > 4:1 -*• 2:1) afforded 
ester 39 (31 mg, 69%) as a colorless oil. 'H-NMR (500 MHz, CDC1 3 ) 5 8.22 (br s, 
1H), 5.79-5.72 (m, 1H), 5.67-5.61 (m, 2H), 5.55 (d, J = 10.3, 1H), 5.36 (dd, J = 
10.3, 1.3, 1H), 5.30 (d, J= 17.1, 1H), 5.00-4.92 (m, 2H), 3.40-3.37 (m, 2H), 3.20 (s, 
3H), 2.93-2.85 (m, 2H), 2.71 (dd, J= 17.0, 4.0, 2H), 2.55-2.42 (m, 2H), 2.29-2.21 
(m, 2H), 2.19-2.11 (m, 3H), 2.09-2.00 (m, 2H), 1.60 (s, 3H), 1.59-1.51 (m, 5H), 
1.47-1.42 (m, 1H), 1.38-1.32 (m, 2H); 0.92-0.90 (m, 15H), 0.05 (s, 3H), -0.01 (s, 
3H); ,3 C-NMR (125 MHz, CDC1 3 ) 8 211.06, 172.07, 171.68, 138.28, 137.75, 
134.48, 126.86, 119.24, 114.73, 86.25, 78.39, 73.62, 56.01, 47.13, 41.67, 37.70, 
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34.18, 34.08, 33.78, 33.28, 30.41, 28.21, 28.18, 26.11, 24.38, 20.12, 18.56, 17.61, 
13.73, 12.64, -3.78, -4.97; MS (ESI) 656 [M+Na 4 ]; HRMS (FAB) calcd. for 
C 35 Hs9N07SiNa [M+Na 4 ] 656.3959, found 656.3956. 

[0475] Eaample 21 

[0476] TE§-2^-©ihy€h-OHMgrastatia 40: To a solution of ester 39 (3 1 mg, 
0.048 mmol) in refluxing toluene (100 mL) was added Grubbs-E catalyst 16 (8 mg, 
0.0094 mmol). After stirring for 15 min, the reaction mixture was cooled to rt and 
filtered through a silica plug (hexane/EtOAc 1 :3). Purification of the crude product 
by FC (hexane/EtOAc 5:1 -* 2:1 -+ 1:1) afforded TBS-2,3-dihydromigrastatin 40 
(23 mg, 79%) as a colorless oil. 'H-NMR (500 MHz, CDC1 3 ) 8 7.90 (br s, 1H), 
5.65-5.57 (m, 2H), 5.35 (dd, J= 15.7, 5.1, 1H), 5.20 (d, J= 9.2, 1H), 3.43-3.40 (m, . 
1H), 3.23-3.20 (m, 1H), 3.21 (s, 3H), 3.03-2.98 (m, 1H), 2.95-2.91 (m, 1H), 2.73- 
2.69 (m, 2H), 2.59-2.43 (m, 2H), 2.33-2.22 (m, 4H), 2.17-2.07 (m, 3H), 1.75 (d, 7= 
0.9, 3H), 1.61-1.55 (m, 5H), 1.40-1.35 (m, 3H), 1.07 (d, J= 7.2, 3H), 0.94 (d, J= 
6.8, 3H), 0.91 (s, 9H), 0.07 (s, 3H), 0.03 (s, 3H); 13 C-NMR (125 MHz, CDC1 3 ) 6 
210.63, 171.84, 171.80, 134.70, 131.22, 129.51, 128.39, 82.98, 79.10, 76.46, 56.49, 
51.24, 40.62, 37.74, 37.69, 34.18, 33.35, 33.18, 31.11, 30.37, 26.29, 25.76, 25.16, 
22.80, 20.18, 18.71, 13.66, 13.12, -3.56, -4.97; MS (ESI) 628 [M+Na 4 ]; HRMS 
(FAB) calcd. for CsaHssNOvNa [M+Na 4 ] 628.3646, found 628.3644. 

[0477] Example 22 

[0478] 23-Dihydromigrastatio 41: To a solution of TBS-2,3- 
dihydromigrastatin 40 (23 mg, 0.038 mmol) in THF (1.5 mL) at rt was added 
HF»pyridine (0.3 mL). After stirring for 15 h, the reaction mixture was carefully 
treated with MeOTMS (4 mL) and concentrated under reduced pressure. 
Purification of the crude product by FC (hexane/EtOAc 2:1 1:1 -* 1:2) afforded 
2,3-dihydromigrastatin 41 (15 mg, 81%) as a white foam. "H-NMR (500 MHz, 
CDCI3) (57.97 (br s, 1H), 5.68-5.60 (m, 2H), 5.34 (dd, J= 15.6, 5.6, 1H), 5.19 (d, J 
= 9.7, 1H), 3.49-3.46 (m, 1H), 3.33 (s, 3H), 3.22 (app d, J= 9.1, 1H), 3.07-3.00 (m, 
1H), 2.98-2.91 (m, 1H), 2.72 (dd, J= 17.1, 2.3, 2H), 2.59-2.50 (m, 1H), 2.49-2.40 
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(m, 1H), 2.30-2.04 (m, 7H), 1.79 (d, J= 1.3, 3H), 1.63-1.56 (m, 4H), 1.55-1.48 (m, 
1H), 1.42-1.35 (m, 3H), 1.09 (d, J= 7.2, 3H), 0.99 (d, J = 6.9, 3H); ,3 C-NMR (125 
MHz, CDC1 3 ) ^ 210.64, 171.88, 171.73, 133.95, 132.35, 130.27, 128.05, 81.92, 
77.42, 76.45, 56.70, 51.38, 40.37, 37.73, 37.68, 34.15, 32.50, 31.72, 30.45, 30.35, 
25.94, 24.80, 22.33, 20.16, 13.22, 13.20; MS (ESI) 514 [M+Na 4 ]; HRMS (FAB) 
calcd for C2 7 H4iN0 7 Na [M+Na*] 514.2781, found 514.2768. 

[0479] Esample 23 

[0480] 7V-MethyI-23-Diiiydromigrastatin 42: To a solution of 2,3- 
dihydromigrastatin 41 (4 mg, 0.0081 mmol) in acetone (0.4 mL) at rt was added Mel 
(excess) and Cs 2 C0 3 (excess). After stirring for 4 h, the reaction mixture was 
concentrated under reduced pressure to a volume of ca. 0.2 mL. Purification of the 
residual solution by preparative TLC (hexane/EtOAc 1 :2) afforded tf-methyl-2,3- 
dihydromigrastatin 42 (3.5 mg, 85%) as a colorless oil. l H-NMR (500 MHz, 
CDC1 3 ) £5.68-5.61 (m, 2H), 5.34 (dd, J= 15.6, 5.6, 1H), 5.19 (d, J= 9.6, 1H), 3.49- 
3.46 (m, 1H), 3.33 (s, 3H), 3.22 (app d, J= 9.1, 1H), 3.14 (s, 3H), 3.07-3.01 (m, 
1H), 2.95-2.89 (m, 1H), 2.82-2.78 (m, 2H), 2.58-2.50 (m, 1H), 2.49-2.42 (m, 1H), 
2.33-2.27 (m, 2H), 2.25-2.04 (m, 5H), 1.79 (d, J= 1.3, 3H), 1.65-1.52 (m, 5H), 1.47- 
1.42 (m, 1H), 1.37-1.31 (m, 2H), 1.09 (d, J= 7.2, 3H), 0.99 (d, J= 6.9, 3H); 13 C- 
NMR(125 MHz, CDCI3) £210.67, 172.20, 171.72, 133.93, 132.35, 130.33, 128.06, 
81.92, 77.45, 76.47, 56.72, 51.38, 40.44, 38.75, 38.71, 34.27, 32.51, 31.73, 30.47,- 
29.34, 26.36, 25.94, 24.81, 22.33, 20.09, 13.23; MS (ESI) 528 [M+Na*]; HRMS 
(FAB) calcd. for C28H43N0 7 Na [M+Na 4 ] 528.2937, found 528.2939. 

[0481] Example 24 

[0482] Unsaturated Ester 43: To a solution of alcohol 26 (109 mg, 0.346 
mmol) in toluene (1 mL) at rt was added pyridine (84 uL, 1.04 mmol) and the mixed 
anhydride (See above for the preparation of a stock solution of the mixed anhydride 
in toluene ) (1 mL, 0.535 mmol, 0.54M in toluene). After stirring for 12 h, the 
reaction mixture was filtered through a silica plug (hexane/EtOAc 30:1). 
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Purification of the crude product by FC (pentane/CH 2 Cl 2 3:1 -* 2:1) afforded 
unsaturated ester 43 (70 mg, 48%) as a colorless oil. [a] D +2.6° (c 1.00, CHC1 3 ); IR 
(CHC1 3 ) 2934, 2882, 2851, 1705, 1653, 1470, 1381, 1246, 1126, 1079, 1026; »H- 
NMR (500 MHz, CDC1 3 ) 0 6.99-6.93 (m, 1H), 5.86-5.76 (m, 2H), 5.66-5.59 (m, 
1H), 5.44 (d, J = 9.5, 1H), 5.29-5.22 (m, 2H), 5.07-4,99 (m, 2H), 4.61 (d, J= 12.1, 
lH),4.57(d, J= 12.1, 1H), 3.47 (dd, J= 7.2, 2.9, 1H), 3.37 (app t, J= 7.7, 1H),3.19 
(s, 3H), 2.63-2.59 (m, 1H), 2.33-2.28 (m, 2H), 2.24-2.19 (m, 2H), 1.73 (d, J= 1.3, 
3H), 0.91 (d,/= 6.6, 3H), 0.90 (s, 9H), 0.05 (s, 3H), 0.02 (s, 3H); ,3 C-MMR (125 
MHz, CDCI3) 5 166.57, 148.47, 137.05, 135.58, 135.10, 128.21, 121.52, 118.79 
1 15.53, 86.26, 78.37, 63.07, 56.06, 34.26, 32.02, 31.48, 26.15, 21.49, 18.54, 13.96, - 
3.80, -4.85; MS (ESI) 445 [M+Na 4 ]; HRMS (FAB) calcd. for C^C^Si [M+H 4 ] 
423.2931, found 423.2929. 

. ■ . 

[0483] Example 25 

[0484] TBS-Migrastatin Core 44: To a solution of unsaturated ester 43 (35 
mg, 0.083 mmol) in refluxing toluene (125 mL) was added Grubbs-H catalyst 16 (14 
mg, 0.017 mmol). After stining for 15 min, the reaction mixture was cooled to rt 
and filtered through a silica plug (hexane/EtOAc 4:1). Purification of the crude 
product by FC (hexane/EtOAc 20:1) afforded TBS-migrastatin core 44 (18 mg, 
55%) as a colorless oil. 'H-NMR (500 MHz, CDC1 3 ) <56.85-6.79 (m, 1H), 5.74 (d, J 
= 15.9, 1H), 5.56-5.50 (m, 2H), 5.12 (dd, J= 15.5, 8.7, 1H), 4.68 (d, J= 15.8, 1H), 
4.62 (d, J- 15.8, 1H), 3.44 (dd, J= 8.3, 1.4, 1H), 3.33-3.30 (m, 1H), 3.17 (s, 3H), 
3.03-2.97 (m, 1H), 2.47-2.36 (m, 2H), 2.31-2.24 (m, 1H), 2.21-2.14 (m, 1H), 1.64 (s, 
3H), 0.92 (s, 9H), 0.83 (d,J= 6.8, 3H), 0.07 (s, 3H), 0.06 (s, 3H); ,3 C-NMR (125 
MHz, CDCI3) 5 165.37, 149.91, 131.98, 130.48, 126.58, 121.83, 117.57, 85.82, 
77.49, 65.56, 55.83, 33.11, 32.46, 30.01, 26.27, 22.17, 18.71, 12.90, -3.57, -5.02; 
MS (ESI) 417 [M+Na*]; HRMS (FAB) calcd. for C^HasCMSiNa [M+Na 4 ] 417.2437, 
found 417.2456. 



[0485] Example 26 
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[0486] Migrastatin Core 45: To a solution of TBS-migrastatin core 44 (18 mg, 
0.0457 mmol) in THF (1.5 mL) at rt was added HF-pyridine (0.3 mL). After stirring 
for 14 h, the reaction mixture was carefully treated with MeOTMS (4 mL) and 
concentrated under reduced pressure. Purification of the crude product by FC 
(hexane/EtOAc 10:1 -> 5:1) afforded migrastatin core 45 (S.5 mg, 66%) as a 
colorless oil. [cc] D +106.0° (c 0.50, CHC1 3 ); IR (CHC1 3 ) 3567, 2933, 2SS1, 1716, 
1602, 1448, 1393, 1255, 1107, 1052; l H-NMR (500 MHz, CDC1 3 ) 5 6.81-6.75 (m, 
1H), 5.73 (d, /= 15.9, 1H), 5.62-5.55 (m, 2H), 5.14 (dd, J= 15.2, 6.8, 1H), 4.72 (d, 
J= 15.6, 1H), 4.63 (d, J= 15.6, 1H), 3.42-3.38 (m, 2H), 3.28 (s, 3H), 3.03-2.97 (m, 
1H), 2.69 (br s, 1H), 2.47-2.38 (m, 2H), 2.32-2.18 (m, 2H), 1.68 (s, 3H), 0.88 (d, J= 
6.9, 3H); ,3 C-NMR (125 MHz, GDC1 3 ) S 165.36, 149.52, 133.85, 129.79, 129.51, 
127.50, 122.15, 84.62, 76.09, 65.40, 56.25, 32.20, 31.34, 29.99, 22.27, 12.66; MS 
(ESI) 303 [M+Na 4 ]; HRMS (FAB) calcd. for C, 6 H 24 04Na [M+Na*] 303.1571, found 
303.1572. 



[0487J Example 27 

[0488] Ester 46: To a solution of alcohol 26 (275 mg, 0.874 mmol) in CH 2 C1 2 
(3 mL) at rt was added DMAP (214 mg, 1.75 mmol) and 6-heptenoyl chloride (See 
above for the preparation of a stock solution of 6-heptenoyl chloride 38 in CH 2 C1 2 ). 
38 (2.5 mL, 1.57 mmol, 0.62M in CH 2 C1 2 ). After stirring for 20 min, the reaction 
mixture was treated with 0.1M HC1 and diluted with CH 2 C1 2 . The organic layer was 
separated and the aqueous layer was extracted with CH 2 C1 2 (3x). The combined 
organic layers were dried (MgS0 4 ) and concentrated under reduced pressure. 
Purification of the crude product by FC (hexane/EtOAc 30:1) afforded ester 46 (302 
mg, 82%) as a colorless oil. [a] D +3.0° (c 0.50, CHC1 3 ); IR (CHC1 3 ) 2980, 2933, 
2863, 1722, 1458, 1382, 1252, 1112, 1024; ! H-NMR (500 MHz, CDC1 3 ) £5.83-5.75 
(m, 1H), 5.66-5.59 (m, 1H), 5.43 (d, J= 9.5, 1H), 5.30-5.23 (m, 2H), 5.03-4.94 (m, 
2H), 4.56 (d, J= 12.0, 1H), 4.51 (d, J= 12.0, 1H), 3.46 (dd, J= 7.2, 2.9, 1H), 3.37 
(app t, J= 7.7, 1H), 3.20 (s, 3H), 2.61-2.57 (m, 1H), 2.32 (app t, J= 7.5, 2H), 2.06 
(app q, /= 7.2, 2H), 1.74 (d, J= 1.2, 3H), 1.68-1.62 (m, 2H), 1.45-1.39 (m, 2H), 
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0.91 (s, 9H), 0.90 (d, J = 6.5, 3H), 0.05 (s, 3H), 0.02 (s, 3H); ,3 C-NMR (125 MHz, 
CDC1 3 ) 8 173.65, 138.40, 135.59, 135.10, 128.12, 118.77, 114.67, 86.24, 78.36, 
63.11, 56.07, 34.24, 34.17, 33.35, 28.35, 26.15, 24.46, 21.45, 18.54, 13.98,-3.80, - 
4.85; MS (ESI) 447 [M+Na*]; HRMS (FAB) calcd. for CjiHwC^SiNa [M+Na 4 ] 
447.2906, found 447.2893. 

[0489] Example 28 

[0490] TBS-MacroIaeSone 47: To a solution of ester 46 (95 mg, 0.224 mmol) 
in refluxing toluene (450 mL) was added Grubbs-E catalyst 16 (38 mg, 0.045 
mmol). After stirring for 15 min, the reaction mixture was cooled to rt and filtered 
through a silica plug (hexane/EtOAc 5:1). Purification of the crude product by FC 
(hexane/EtOAc 30:1) afforded TBS-macrolactone. 47 (67 mg, 76%) as a colorless 
oil. 'H-NMR (500 MHz, CDCI3) 5 5.71-5.65 (m, 1H), 5.56 (d,J- 10.0, 1H), 5.28 
(dd, J= 15.7, 8.0, 1H), 4.52 (d, J= 13.9, 1H), 4.35 (d, J= 13.9, 1H), 3.46 (dd, J = 
7.7, 2.6, 1H), 3.39 (app t, J= 7.8, 1H), 3.20 (s, 3H), 2.85^2.82 (m, 1H), 2.42-2.36 
(m, 1H), 2.26-2.20 (m, 1H), 2.18-2.14 (m, 1H), 2.11-2.06 (m, 1H), 1.77-1.72 (m, 
1H), 1.71 (d, J= 1.1, 3H), 1.62-1.50 (m, 2H), 1.46-1.40 (m, 1H), 0.91 (s, 9H), 0.88 
(d, J= 6.8, 3H), 0.07 (s, 3H), 0.05 (s, 3H); 13 C-NMR (125 MHz, CDCI3) 6 173.74, 
134.81, 133.62, 128.75, 126.14, 85.42, 77.78, 65.01, 55.97, 34.31, 34.01, 29.37, 
27.34, 26.16, 23.36, 23.09, 18.58, 13.86, -3.78, ^1.96; MS (ESI) 419 [M+Na^; 
HRMS (FAB) calcd. for C^HkAtSiNa [M+Na 4 ] 419.2594, found 419.2601. 

[0491] Example 29 

[0492] Macrolactone 48: To a solution of TBS-macrolactone 47 (179 mg, 
0.452 mmol) in THF (6 mL) at rt was added HF»pyridine (in the beginning: 0.6 mL, 
after a total of 15 h: an additional 0.6 mL, after a total of 25 h: an additional 0.3 
mL). After stirring for a total of 40 h, the reaction mixture was carefully treated 
with MeOTMS (12 mL) and concentrated under reduced pressure. Purification of 
the crude product by FC (hexane/EtOAc 10:1 ->• 5:1) afforded macrolactone 48 (120 
mg, 94%) as a white crystalline solid. [a] D +115.3° (c 1.00, CHC1 3 ); IR (CHCI3) 
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3567, 3016, 2933, 2858, 1724, 1450, 1387, 1317, 1258, 1145, 1115, 979; 'H-NMR 
(500 MHz, CDC1 3 ) 5 5.74-5.67 (m, 2H), 5.23 (dd, 7 = 15.7, 7.7, 1H), 4.54 (d, J = 
13.1, 1H), 4.29 (d, •/= 13.1, 1H), 3.46-3.39 (m, 2H), 3.30 (s, 3H), 2.82-2.77 (m, 1H), 
2.44-2.39 (m, 1H), 2.26-2.15 (m, 2H), 2.03-1.97 (m, 1H), 1.74 (d, 7= 0.9, 3H), 1.74- 
1.70 (m, 1H), 1.60-1.52 (m, 2H), 1.36-1.32 (m, 1H), 0.93 (d, / = 6.9, 3H); ,3 C-NMR 
(125 MHz, CDCI3) S 173.69, 135.19, 134.39, 129.02, 127.14, 83.82, 75.91, 64.76, 
56.34, 34.23, 32.06, 29.88, 27.20, 23.40, 23.27, 12.81; MS (ESI) 305 [M+Na+]; 
HRMS (FAB) calcd. for CietfegO^a [M+Na+] 305.1719, found 305.1729. 

[0493] Example 30 

[0494] Acetylated Macrolactone 49: To a solution of macrolactone 48 (4.5 
mg, 0.016 mmol) in CH 2 C1 2 (0.75 mL) at rt was added DMAP (6 mg, 0.048 mmol) 
and AcCl (3.5 nL, 0.048 mmol). After stirring for 24 h, the reaction mixture was 
concentrated under reduced pressure to a volume of ca. 0.2 mL. Purification of the 
residual solution by preparative TLC (hexane/EtOAc 2:1) afforded the acetylated 
macrolactone 49 (4 mg, 76%) as a colorless oil. 'H-NMR. (500 MHz, CDCI3) 8 
5.78-5.72 (m, 1H), 5.37 (dd, J= 15.7, 8.2, 1H), 5.28 (d, J= 10.0, 1H), 4.89 (dd, J= 
8.0, 3.6, 1H), 4.56 (d, J= 13.2, 1H), 4.32 (d, J= 13.2, 1H), 3.57 (app t, 7= 8.1, 1H), 
3.23 (s, 3H), 3.02-2.97 (m, 1H), 2.46-2.41 (m, 1H), 2.25-2.19 (m, 2H), 2.1 1 (s, 3H), 
2.10-2.05 (m, 1H), 1.81-1.75 (m, 1H), 1.71 (d, 7= 0.9, 3H), 1.61-1.53 (m, 2H), 1.43- 
1.39 (m, 1H), 0.95 (d, J= 6.9, 3H); 13 C-NMR (125 MHz, CDC1 3 ) £173.61, 170.82, 
135.23, 132.14, 127.76, 82.63, 76.83, 64.69, 56.46, 34.30, 32.10, 29.58, 27.02, 
23.39, 23.04, 21.10, 14.85; MS (ESI) 347 [M+Na 4 ]; HRMS (FAB) calcd. for 
CigHagOsNa [M+Na 4 ] 347.1834, found 347.1848. 

[0495] Example 31 

[0496] Oxidized Macrolactone 50: To a solution of macrolactone 48 (7 mg, 
0.025 mmol) in CH 2 C1 2 (1.5 mL) at rt was added Dess-Martin periodinane (12 mg, 
0.027 mmol). After stirring for 4 h, the reaction mixture was concentrated under 
reduced pressure to a volume of ca. 0.2 mL. Purification of the residual solution by 
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preparative TLC (hexane/EtOAc 1:1) afforded oxidized macrolactone 50 (5 mg, 
72%) as a colorless oil. 'H-NMR (500 MHz, CDC1 3 ) £5.92-5.86 (m, 1H), 5.73 (d, J 
= 9.9, 1H), 5.34 (dd, J= 15.5, 8.0, 1H), 4.54 (d, J= 1 1.6, 1H), 4.37 (d, J= 8.0, 1H), 
4.3 1 (d, J= 1 1.6, 1H), 3.71-3.65 (m, 1H), 3.32 (s, 3H), 2.41-2.36 (m, 1H), 2.27-2.21 
(m, 1H), 2.20-2.16 (m, 1H), 2.06-1.99 (m, 1H), 1.81 (s, 3H), 1.68-1.60 (m, 2H), 
1.58-1.51 (m, 1H), 1.41-1.33 (m, 1H), 1.19 (d, J = 7.1, 3H); 13 C-NMR (125 MHz, 
CDC1 3 ) £207.91, 173.74, . 138.30, 130.64, 130.42, 124.64, 86.15, 62.75, 56.65, 
41.61, 34.04, 30.35, 26.64, 23.40, 23.18, 18.89; MS (ESI) 303 [M+Na+]; HRMS 
(FAB) calcd. for CieHa-ANa [M+Na 4 ] 303.1572, found 303.1588. 

[0497J Example 32 

[0498] Hydrolyzed Core 51: To a solution of macrolactone 48 (5 mg, 0.018 
mmol) in MeOH (1.5 mL) at it was added 0.5M NaOH (0.3 mL). After stirring for 
2 h, the reaction mixture was concentrated under reduced pressure to a volume of ca. 
0.5 mL, diluted with CH 2 C1 2 , and acidified with 1M HC1 (2 mL). The organic layer 
was separated, dried (MgS0 4 ), and concentrated under reduced pressure to afford 
hydrolyzed core 51 (4 mg, 77%) as a colorless oil. »H-NMR (500 MHz, CDC1 3 ) 5 
5.75-5.70 (m, 1H), 5.34 (dd, J= 15.5, 8.7, 1H), 5.23 (d, 7= 10.1, 1H), 4.15 (d, J= 
1 1.8, 1H), 3.97 (d, J= 1 1.8, 1H), 3.47-3.44 (m, 1H), 3.29-3.26 (m, 1H), 3.23 (s, 3H), 
2.74-2.69 (m, 1H), 2.36 (app t, J= 7.4, 2H), 2.14 (app q, /= 7.1, 2H), 1.82 (d, J= 
1.2, 3H), 1.69-1.63 (m, 2H), 1.51-1.45 (m, 2H), 0.99 (d, J= 6.7, 3H); ,3 C-NMR (125 

90, 127.34, 83.24, 77.55, 61.56, 55.65, 
34.56, 33.59, 31.81, 28.38, 24.13, 22.00, 16.39; MS (ESI) 323 [M+Na*]; HRMS 
(FAB) calcd. for QeHasOsNa [M+Na*] 323.1834, found 323.1840. 

[0499J Example 33 

[0500] AHylic Azide 52: To a solution of alcohol 26 (300 mg, 0.954 mmol) in 
toluene (3 mL) at rt was added DBU (214 ^L, 1.43 mmol) and diphenylphosphoryl 
azide (308 ^L, 1.43 mmol). After stirring for 5 h, the reaction mixture was treated 
with saturated aqueous NH4CI solution and diluted with Et 2 0. The organic layer 
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was separated and the aqueous layer was extracted with Et 2 0 (3x). The combined 
organic layers were dried (MgS04) and concentrated under reduced pressure. 
Purification of the crude product by FC (hexane/EtOAc 30:1) afforded allylic azide 
52 (2S1 mg, 37%) as a colorless oil. Compound 52 should be used immediately for 
the subsequent steps to avoid double bond isomerization. ! H-MMR (500 MHz, 
CDC1 3 ) £5.68-5.60 (m, 1H), 5.52 (d, J= 10.0, 1H), 5.32-5.25 (m, 2H), 3.81 (d, J= 
13:0, 1H), 3.66 (d, J= 13.0, 1H), 3.45 (dd, J= 7.1, 3.0, 1H), 3.39 (app t, J= 7.5, 
1H), 3.21 (s, 3H), 2.56-2.52 (m, 1H), 1/77 (d, J= 1.2, 3H), 0.93-0.90 (m, 12H), 0.06 
(s, 3H0, 0.04 (s, 3H); ,3 C-NMR (125 MHz, CDC1 3 ) 8 135.97, 135.19, 127.27, 
118.81, 86.04, 78.39, 56.13, 51.46, 34.40, 26.14, 22.21, 18.53, 14.43, -3.80, -4.77; 
MS (ESI) 362 [M+Na 4 ]; HRMS (FAB) calcd. for CiyHaaNaC^SiNa [M+Na+] 
362.2240, found 362.2239. 

[0501] Example 34 

[0502] Amide 53: To a solution of azide 52 (184 mg, 0.542 mmol) in THF (5 
mL) at 70 °C was added PPh 3 (249 mg, 0.949 mmol) and H 2 0 (49 uL, 2.71 mmol). 
After stirring for 4 h, the reaction mixture was dried (MgSO-O and concentrated 
under reduced pressure. The residue was dissolved in CH2CI2 (5 mL) and treated 
with /-Pr 2 NEt (378 uL, 2.17 mmol), 6-heptenoic acid (147 |*L, 1.08 mmol), and 
EDC (207 mg, 1.08 mmol). After stirring for 30 min, the reaction mixture was 
concentrated under reduced pressure to a volume of ca. 1 mL. Purification of the 
residual solution by FC (CH 2 C1 2 GH^bflBfeO 10:1) afforded amide 53 (211 mg, 
92%) as a colorless oil. 'H-NMR (500 MHz, CDC1 3 ) <J5.83-5.74 (m, 1H), 5.70-5.64 
(m, 1H), 5.41 (br s, 1H), 5.32-5.23 (m, 3H), 5.01-4.93 (m, 2H), 3.86 (dd, J= 14.1, 
5.6, 1H), 3.79 (dd, J= 14.1, 5.5, 1H), 3.47-3.37 (m, 2H), 3.21 (s, 3H), 2.61-2.56 (m, 
1H), 2.19-2.15 (m, 2H), 2.08-2.04 (m, 2H), 1.68 (d,^= 1.3, 3H), 1.67-1.59 (m, 2H), 
1.45-1.38 (m, 2H), 0.91-0.89 (m, 12H), 0.06 (s, 3H), 0.02 (s, 3H); ,3 C-NMR (125 
MHz, CDCI3) 8 172.79, 138.44, 135.10, 133.94, 129.82, 118.66, 114.66, 86.01, 
78.22, 56.1 1, 39.84, 36.65, 34.26, 33.44, 28.52, 26.1 1, 25.25, 21.93, 18.50, 14.76, - 
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3.83, -4.77; MS (ESI) 446 [M+Na 4 ]; HRMS (FAB) calcd. for C^sNCbSiNa 
[M+Na 4 ] 446.3066, found 446.3065. 

[0503] Ezampb 35 

[0S04] TBS-Macrotectam 54: To a solution of amide 53 (105 mg, 0.24S 
mmol) in refliGdng toluene (350 mL) was added Grubbs-H catalyst 16 (42 mg, 0.050 
mmol). After stirring for 15 min, the reaction mixture was cooled to rt and filtered 
through a silica plug (hexane/EtOAc 1:2). Purification of the crude product by FC 
(hexane/EtOAc 2:1) afforded TBS-macrolactam 54 (59 mg, 60%) as a colorless oil. 
'H-NMR (500 MHz, CDC1 3 ) £5.81-5.75 (m, 1H), 5.46 (d, J= 9.9, 1H), 5.36 (dd, J 
= 15.9, 6.0, 1H), 5.30 (br s, 1H), 3.77 (dd, /= 13.9, 3.5, 1H), 3.66 (dd, J= 13.9, 5.4, 
1H), 3.48-3.44 (m, 2H), 3.21 (s, 3H), 2.63-2.58 (m, 1H), 2.21-2.08 (m, 3H), 2.05- 
1.98 (m, 1H), 1.73 (d,y= 1.1, 3H), 1.65-1.49 (m, 3H), 1.39-1.32 (m, 1H), 0.92-0.90 
(m, 12 H), 0.07 (s, 3H), 0.05 (s, 3H); ,3 C-NMR (125 MHz, CDC1 3 ) S 173.26, 
134.11, 133.90, 129.03, 128.54, 84.80, 77.46, 56.29, 41.41, 36.01, 34.48, 29.59, 
27.45, 26.11, 24.68, 24.32, 18.56, 14.77, -3.92, -4.93; MS (ESI) 418 [M+Na 4 ]; 
HRMS (FAB) calcd. for C 2 2H4iN0 3 SiNa [M+Na 4 ] 418.2753, found 418.2752. 

[0505] Example 36 

[0506] Macrolactam 55: To a solution of TBS-macrolactam 54 (91 mg, 0.230 
mmol) in THF (3 mL) at rt was added HF«pyridine (in the beginning: 0.4 mL, after a 
total of 18 h: an additional 0.15 mL). After stirring for a total of 21 h, the reaction 
mixture was carefully treated with MeOTMS (5 mL) and concentrated under 
reduced pressure. Purification of the crude product by FC (hexane/EtOAc 1 : 1 —> 
1:2) afforded macrolactam 55 (52 mg, 81%) as a colorless oil. [a] D +101.3° (c 1.00, 
CHCI3); IR (CHCI3) 3566, 3444, 3021, 2936, 2828, 1658, 1504, 1478, 1398, 1229, 
1088, 979; 'H-NMR (500 MHz, CDC1 3 ) J5.79-5.73 (m, 1H), 5.66 (d, J= 10.2, 1H), 

5.24 (dd, J= 15.8, 7.5, 1H), 5.12 (br s, 1H), 3.91 (dd, /= 13.7, 4.1, 1H), 3.50-3.46 
(m, 2H), 3.34-3.30 (m, 1H), 3.31 (s, 3H), 2.89 (br s, 1H), 2.56-2.52 (m, 1H), 2.32- 

2.25 (m,2H), 2.16-2.1 1 (m, 1H), 1.96-1.89 (m, 1H), 1.77 (d,y= 1.1, 3H), 1.73-1.51 
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(m, 3H), 1.37-1.32 (m, 1H), 0.94 (d, J= 6.9, 3H); I3 C-NMR (125 MHz, CDCI3) S 
173.36, 135.52, 133.77, 129.89, 128.73, 83.21, 76.38, 56.45, 41.40, 35.95, 32.27, 
29.86, 27.00, 24.82, 24.42, 13.03; MS (ESI) 304 [M+Na*]; HRMS (FAB) calcd. for 
Ci6H 2 7N0 3 Na [M+Na 4 ] 304. 1 888, found 304. 1 889. 

[0507] Example 37 

[0508] AUylie Bromide 56: To a solution of alcohol 26 (325 mg, 1.03 mmol) in 

CH 2 C1 2 (10 mL) at rt was added solid supported PPh 3 (excess until reaction 

complete) and CBr 4 (478 mg, 1.44 mmol). After stirring for 15 min, the reaction 

mixture was filtered through a cotton plug and concentrated under reduced pressure 

to yield the allylic bromide 56. 'H-NMR (500 MHz, CDC1 3 ) £5.67 (ddd, J = 17.2, 

10.3, 8.3, 1H), 5.41 (dd,y= 10.0, 0.9, 1H), 5.31 (dd,y= 10.3, 2.0, 1H), 5.27 (dt,7= 

17.2, 1.0, 1H), 3.94 (s, 2H), 3.55 (dd, J= 7.2, 3.0, 1H), 3.39 (app t, /= 7.4, 1H), 

3.21 (s, 3H), 2.63-2.56 (m, 1H), 1.81 (d, J= 0.9, 3H), 0.93 (d, J= 6.4, 3H), 0.91 (s, 

9H), 0.06 (s, 3H), 0.03 (s, 3H); ,3 C-NMR (125 MHz, CDCI3) S 136.35, 135.20, 

129.64, 118.82, 86.09, 77.57, 56.15, 34.68, 32.34, 26.13, 21.91, 18.50, 13.54, -3.83, 
-4.82. 

t 
t 

[0509] Example 38 

[0510] P-Ketosulfone 57: To a solution of methyl phenyl sulfone (1 .43 g, 9. 14 
mmol) in THF (15 mL) at -15 °C was added BuLi (6.28 mL, 10.0 mmol, 1.6M in 
hexane). After stirring for 30 min, the reaction mixture was cooled to -78 °C and 
ethyl 6-heptenoate (802 uL, 4.57 mmol) was added. The reaction mixture was 
warmed to rt and then treated with saturated aqueous NH4CI solution. The organic 
layer was separated and the aqueous layer was extracted with EtOAc (3x). The 
combined organic layers were dried (MgS0 4 ) and concentrated under reduced 
pressure. Purification of the crude product by FC (hexane/EtOAc 5:1) afforded 0- 
ketosulfone 57 (1.12 g, 92%) as a white solid. 1 H-NMR (500 MHz, CDC1 3 ) £7.88- 
7.86 (m, 2H), 7.68-7.65 (m, 1H), 7.58-7.54 (m, 2H), 5.79-5.71 (m, 1H), 5.00-4.92 
(m, 2H), 4.14 (s, 2H), 2.70-2.67 (m, 2H), 2.05-2.00 (m, 2H), 1.58-1.52 (m, 2H), 
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1.38-1.32 (m, 2H); I3 C-NMR (125 MHz, CDC1 3 ) £197.99, 138.14, 134.19, 129.25, 
129.06, 128.17, 114.73, 66.70, 44.12, 33.26, 27.85, 22.42; MS (ESI) 289 [M+Na*]; 
HRMS (FAB) calcd. for C,4His0 3 SNa [M+Na*] 289.0S74, found 289.0882. 

[0511] Example 39 

[0512J Ketone 58: To a solution of p-ketosulfone 57 (685 mg, 2.57 mmol) in 
toluene (5 mL) at rt was added DBU (385 jaL, 2.57 mmol). After stirring for 50 
min, a solution of crude allylic bromide 56 in toluene (5 mL) was added and the 
reaction mixture was stirred for another 45 min. The reaction mixture was 
concentrated under reduced pressure to a volume of ca. 1 mL and the residual 
solution was filtered through a silica plug (hexane/EtOAc 7:1). To a solution of 
crude alkylated sulfone in MeOH (10 mL) at rt was added Na 2 HPC>4 (366 mg, 2.57 
mmol) and 10% Na/Hg (474 mg, ca. 2.06 mmol). After stirring for 3 h, the reaction 
mixture was filtered through a cotton plug and H 2 0 was added to the filtrate. The 
organic layer was separated and the aqueous layer was extracted with CH2CI2 (3x). 
The combined organic layers were dried (MgSC>4) and concentrated under reduced 
pressure. Purification of the crude product by FC (hexane/EtOAc 30:1) afforded 
ketone 58 (258 mg, 61%) as a colorless oil. 'H-NMR (500 MHz, CDC1 3 ) £5.82- 
5.75 (m, 1H), 5.67-5.60 (m, 1H), 5.29-5.18 (m, 3H), 5.02-4.93 (m, 2H), 3.41 (dd,J= 
7.2, 2.8, 1H), 3.37 (app t, J= 7.6, 1H), 3.20 (s, 3H), 2.52-2.47 (m, 1H), 2.44-2.38 
(m, 4H), 2.28-2.18 (m, 2H), 2.06 (app q, J= 7.1, 2H), 1.64 (d, J= 1.2, 3H), 1.62- 
1.56 (m, 2H), 1.41-1.35 (m, 2H), 0.90 (s, 9H), 0.87 (d, J= 6.7, 3H), 0.05 (s, 3H), 
0.01 (s, 3H); 13 C-NMR (125 MHz, CDCI3) 8 210.57, 138.45, 135.30, 131.81, 
131.30, 118.53, 114.64, 86.27, 78.61, 56.10, 42.64, 41.23, 34.05, 33.50, 28.46, 
26.16, 26.12, 23.27, 23.11, 18.55, 14.05, -3.79, -4.79; MS (ESI) 445 [M+Na*]; 
HRMS (FAB) calcd. for C2 5 H460 3 SiNa [M+Na+] 445.31 14, found 445.3095. 

[0513] Example 40 

[0514] TBS-Macroketone 59: To a solution of ketone 58 (258 mg, 0.610 
mmol) in refluxing toluene (1200 mL) was added Grubbs-H catalyst 16 (104 mg, 



WO 2004/087672 



198 



PCT/US2004/009380 



0.122 mmol). After stirring for 15 min, the reaction mixture was cooled to rt and 
filtered through a silica plug (hexane/EtOAc 2:1). Purification of the crude product 
by FC (hexane/EtOAc 20:1) afforded TBS-macroketone 59 (194 mg, 81%) as a 
colorless oil. 'H-NMR (500 MHz, CDC1 3 ) 8 5.67-5.61 (m, 1H), 5.32 (dd, /= 15.7, 
6.7, 1H), 5.26 (dd, J= 9.8, 0.9, 1H), 3.41-3.36 (m, 2H), 3.21 (s, 3H), 2.55-2.49 (m, 
1H), 2.46-2.41 (m, 1H), 2.39-2.33 (m, 1H), 2.32-2.18 (m, 5H), 2.14-2.10 (m, 1H), 
1.68-1.63 (m, 1H), 1.67.(d, J= 1.3, 3H), 1.62-1.53 (m, 2H), 1.51-1.46 (m, 1H), 0.90 
(s, 9H), 0.89 (d, J = 6.8, 3H), 0.05 (s, 3H), 0.00 (s, 3H); ,3 C-NMR (125 MHz, 
CDC1 3 ) £211.96, 133.10, 131.91, 131.68, 129.87, 84.77, 79.32, 56.24, '41.44, 40.91, 

34.32, 30.25, 28.74, 26.84, 26.15, 23.15, 22.85, 18.60, 12.78, -3.85, -5.03; MS 
(ESI) 417 fM+Na 4 ]; HRMS (FAB) calcd. for C23H420 3 SiNa [M+Na 4 ] 417.2801, 
found 417.2819. 

■ ■ 

[0515] Example 41 

[0516] Macroketone 60: To a solution of TBS-macroketone 59 (194 mg, 0.492 
mmol) in THF (15 mL) at rt was added HF-pyridine (3.5 mL). After stirring for 15 
h, the reaction mixture was carefully treated with MeOTMS (25 mL) and 
concentrated under reduced pressure. Purification of the crude product by FC 
(hexane/EtOAc 10:1 4:1) afforded macroketone 60 (124 mg, 90%) as a colorless 
oil. [<x] D +77.6° (c 0.50, CHC1 3 ); IR (neat) 3566, 3022, 3015, 2975, 2937, 2879, 
1700, 1448, 1384, 1237, 1109, 1085, 979; l H-NMR(500 MHz, CDC1 3 ) £5.72 (ddd, 
J= 15.0, 8.5, 6.0, 1H), 5.37 (dd, J= 10.0, 0.9, 1H), 5.31 (dd, J= 15.6, 7.8, 1H), 3.47 
(app t, J= 8.5, 1H), 3.36 (dd, J= 9.2, 1.2, 1H), 3.31 (s, 3H), 2.78 (br s, 1H), 2.51- 
2.45 (m, 2H), 2.37-2.32 (m, 2H), 2.26-2.16 (m, 5H), 1.69 (d, J= 1.3, 3H), 1.68-1.59 
(m, 2H), 1.55-1.50 (m, 2H), 0.95 (d, J= 6.8, 3H); 13 C-NMR (125 MHz, CDC1 3 ) 5 
212.10, 135.23, 132.91, 130.26, 129.22, 83.69, 77.62, 56.45, 42.08, 40.67, 32.57, 

30.33, 28.57, 27.01, 23.22, 23.14, 12.61; MS (ESI) 303 [M+Na 4 ]; HRMS (FAB) 
calcd. for CnKfoANa [M+Na 4 ] 303.1936, found 303.1938. 



[0517] Example 42 
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[0518] Secondary Alcohols 61 and 62: To a solution of alcohol 26 (360 mg, 
1.15 mmol) in CH 2 C1 2 (5 mL) at rt was added Dess-Martin periodinane (970 mg, 
2.29 mmol). After stirring for 1 h, the reaction mixture was treated with saturated 
aqueous Na 2 S 2 03 solution and saturated aqueous NaHCOs solution. The organic 
layer was separated and the aqueous layer was extracted with CH2CI2 (3x). The 
combined organic layers were dried (Na 2 SC>4) and concentrated under reduced 
pressure to afford the corresponding aldehyde 27. Crude product 27 was dissolved 
in Et 2 0 (12 mL) and /-PrMgCl (2.90 mL, 5.80 mmol, 2M in THF) was added at -78 
°C. After stirring for 5 h, the reaction mixture was treated with saturated aqueous 
NH4CI solution. The organic layer was separated and the aqueous layer was 
extracted with EtOAc (3x). The combined organic layers were dried (MgS0 4 ) and 
concentrated under reduced pressure. Purification of the crude product by FC 
(toluene/EtOAc 19:1) afforded (5>secondary alcohol 61 (186 mg, 50%) and (R)- 
secondary alcohol 62 (134 mg, 36%) as colorless oils. 

[0519] (<S)-Secondary Alcohol 61: IR (neat) 3476, 2956, 2929, 2884, 2857, 
1471, 1462, 1378, 1251, 1127, 1096, 1080, 1032, 1006; 'H-NMR (500 MHz, 
CDCI3) <J5.78-5.68 (m, 1H), 5.31-5.23 (m, 3H), 3.98 (d, J= 9.8, 1H), 3.51-3.48 (m, . 
2H), 3.24 (s, 3H), 2.73-2.68 (m, 1H), 1.78-1.69 (m, 1H), 1.66 (s, 3H), 1.60 (br s, 
1HX 1.03 (d, J = 6.4, 3H), 0.91 (s, 9H), 0.89 (d, J= 6.0, 3H), 0.73 (d, J= 6.9, 3H), 
0.07 (s, 3H), 0.05 (s, 3H); 13 C-NMR (125 MHz, CDCI3) 5 135.37, 134.58, 133.16, 
118.24, 85.74, 77.85, 75.73, 56.23, 33.64, 30.96, 26.13, 19.51, 18.93, 18.48, 17.56, 
15.66, -3.86, -4.57; MS (ESI) 379 [M+Na 4 ]; HRMS (FAB) calcd. for 
C 2 oH4o0 3 SiNa [M+Na 4 ] 379.2644, found 379.2663. 

[0520] (J?)-Secondary Alcohol 62: IR (neat) 3378, 2955, 2931, 2919, 2872, 
1466, 1455, 1378, 1249, 1119, 1096, 1079, 1026; 'H-NMR (500 MHz, CDC1 3 ) 8 
5.59 (ddd, J= 17.3, 10.3, 8.2, 1H), 5.40 (dd,7= 10.3, 1.4, 1H), 5.31 (dd, J= 10.2, 

1.5, 1H),.5.27 (dd, J= 17.3, 1.4, 1H), 3.97 (d, J - 9.2, 1H), 3.43 (dd, J= 7.4, 2.2, 
1H), 3.37 (app t, J= 8.1, 1H), 3.21 (s, 3H), 2.67-2.62 (m, 1H), 1.80-1.73 (m, 1H), 
1.67 (d, J= 1.5, 3H), 1.37 (br s, 1H), 1.04 (d, J= 6.5, 3H), 0.91 (s, 9H), 0.90 (d,J= 

6.6, 3H), 0.76 (d, J = 6.6, 3H), 0.05 (s, 3H), 0.02 (s, 3H); ,3 C-NMR (125 MHz, 
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CDCI3) £135.02, 134.13, 133.88, 118.86, 86.39, 78.35, 75.92, 56.06, 33.16, 31.52, 
26.15, 19.52, 19.34, 18.59, 17.68, 13.74, -3.80, -4.84; MS (ESI) 379 [M+Na*]; 
HRMS (FAB) calcd. for C 2 oH4o0 3 SiNa [M+Ma*] 379.2644, found 379.2643. 

[0521J Example 43 

{0522] (^-Isopropyl Ester 63: To a solution of alcohol 61 (55 mg, 0.154 
mmol) in toluene (0.4 mL) at rt was added pyridine (62 jjL, 0.772 mmol) and the 
mixed anhydride of 6-heptenoic acid (The preparation of the mixed anhydride of 6- 
heptenoic acid and 2,4,6-trichlorobenzoyl chloride was performed exactly as for the 
mixed anhydride of 2,6-heptadienoic acid and 2,4,6-trichlorobenzoyl chloride (see 

above)) and 2,4,6-trichlorobenzoyl chloride (1.5 mL, 0.75 mmol, 0.50M in toluene). 

■ 

After stirring 15 h, the reaction mixture was directly loaded onto a silica column and 
■ purified by FC (toluene) to afford (S)-isopropyl ester 63 (54 mg, 75%) as a colorless 
oil. IR (neat) 2928, 2830, 1732, 1470, 1378, 1247, 1125, 1096, 1032; 1 H-NMR(500 
MHz, CDC1 3 ) S 5.81-5.76 (m, 2H), 5.41 (d, J= 10.4, 1H), 5.31 (dd, J= 10.3, 2.0, 
1H), 5.24 (app d, J = 17.2, 1H), 5.17 (app d, J- 9.9, 1H), 5.00 (app d, J= 17.1, 
1H), 4.94 (d, J= 5.8, 1H), 3.59 (dd, J= 8.0, 1.8, 1H), 3.32 (app t, J= 8.4, 1H), 3.20 
(s, 3H), 2.73-2.68 (m, 1H), 2.28 (app t, J = 7.5, 2H), 2.08-2.04 (m, 2H), 1.91-1.88 
(m, 1H), 1.66-1.59 (m, 3H), 1.61 (s, 3H), 1.44-1.41 (m, 1H), 0.91 (d, J= 8.3, 3H), 
0.90 (s, 9H), 0.84 (d, J= 6.7, 3H), 0.77 (d, J= 6.9, 3H), 0.04 (s, 3H), -0.02 (s, 3H); 
,3 C-NMR (125 MHz, CDC1 3 ) 6 172.48, 138.46, 135.43, 135.32, 129.62, 118.71, 
114.62, 86.92, 78.07, 77.52, 77.34, 55.83, 34.42, 33.39, 33.27, 29.71, 28.38, 26.22, 
24.66, 19.22, 18.53, 18.36, 12.69, -3.80, -4.96; MS (ESI) 489 [M+Na 4 ]; HRMS 
(FAB) calcd. for C27H 5 o0 4 SiNa [M+Na 4 ] 489.3376, found 489.3362. 

[0523] Example 44 

[0524] (J?)-IsopropyI Ester 66: Preparation performed exactly as for (S)- 
isopropyl ester 63, affording (J2)-isopropyl ester 66 in 70% yield. IR (neat) 2956, 
2928, 2856, 1732, 1469, 1462, 1370, 1249, 1129, 1032; ! H-NMR (500 MHz, 
CDCI3) J5.81-5.74 (m, 1H), 5.61 (ddd, J= 17.6, 10.6, 7.6, 1H), 5.45 (d, J= 9.4, 
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1H), 5.33 (dd, J= 10.4, 1.9, 1H), 5.29 (dd, J= 17.0, 1.9, 1H), 5.15 (app d, J= 9.8, 
1H), 4.99 (dd, J= 17.0, 1.9, 1H), 4.95-4.93 (m, 1H), 3.40-3.38 (m, 2H), 3.21 (s, 3H), 
2.82-2.76 (m, 1H), 2.29 (app t, 7.5, 2H), 2.08-2.03 (m, 2H), 1.97-1.90 (m, 2H), 
1.64-1.61 (m, 1H), 1.61 (d, J= 1.3, 3H), 1.43-1.36 (m, 2H), 0.92 (d, J= 6.6, 3H), 
0.91 (s, 9H), 0.89 (d, J= 6.6, 3H), 0.79 (d, J= 6.0, 3H), 0.05 (s, 3H), 0.01 (s, 3H); 
13 C-NMR (125 MHz, CDC1 3 ) £172.82, 138.47, 135.59, 134.68, 129.61, 118.97, 
114.63, 86.41, 78.32, 77.72, 56.06, 34.42, 33.65, 33.38, 29.71, 28.35, 26.18, 24.58, 
19.38, 18.96, 18.61, 18.19, 12.89, -3.76, -4.91; MS (ESI) 489 [M+Na 4 ]; HRMS 
(FAB) calcd. for C27H 5 o0 4 SflSla [M+Na 4 ] 489.3376, found 489.3363. 

[05251 Example 45 

[0526] (S)-Isopropyl Macrolactone 65: To a solution of (S)-isopropyl ester 63 
(25 mg, 0.053 mmol) in refluxing toluene (100 mL) was added Grabbsr-H catalyst 16 
(9 mg, 0.0107 mmol). After stirring for 15 min, the reaction mixture was cooled to 
it and filtered through a silica plug (hexane/EtOAc 1 :3). After evaporation of the 
solvent, crude product 64 was dissolved in THF (3 mL) and treated with 
HF»pyridine (0.75 mL) at rt. After stirring for 40 h, the reaction mixture was 
carefully treated with MeOTMS (6 mL) and concentrated under reduced pressure. 
Purification of the crude product by FC (CH 2 Cl2/EtOAc 9:1) afforded (5)-isopropyl 
macrolactone 65 (12 mg, 65%) as a colorless oil. [a] D +25.1° (c 0.32, CHC1 3 ); IR 
(neat) 3479, 2967, 2926, 2876, 1724, 1448, 1373, 1257, 1237, 1091; ? H-NMR (500 
MHz, CDCI3) £5.70 (ddd, J= 15.4, 8.5, 5.3, 1H), 5.33 (dd, J= 10.0, 0.9, 1H), 5.30 
(d,J= 7.0, 1H), 5.19-5.13 (m, 1H), 3.40-3.30 (m, 2H), 3.28 (s, 3H), 2.99-2.95 (m, 
1H), 2.76 (br s, 1H), 2.36-2.24 (m, 2H), 2.20-2.08 (m, 2H), 1.99 (app dt, /= 7.0, 6.9, 
1H), 1.69 (d, J= 1.3, 3H), 1.62-1.52 (m, 4H), 0.94 (d, J= 7.0, 3H), 0.91 (d, J= 6.6, 
3H), 0.86 (d, J= 6.9, 3H); ,3 C-NMR (125 MHz, CDCI3) S 172.97, 135.94, 133.83, 
130.09, 127.75, 86.47, 78.70, 55.98, 33.99, 32.80, 30.38, 29.82, 27.34, 22.57, 21.38, 
19.09, 18.05, 15.20; MS (ESI) 347 [M+Na 4 ]; HRMS (FAB) calcd. for QfeCWa 
[M+Na 4 ] 347.2198, found 347.2187. 
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[0527] Example 46 

[0528] (Jf)-Isopropyl Macrolactone 68: Preparation performed exactly as for 
(5)-isopropyl macrolactone 65, affording (J?)-isopropyl macrolactone 68 in 66% 
yield. [<x] D +21.3° (c 0.09, CHC1 3 ); IR (neat) 3499, 2967, 2926, 2866, 1729, 1453, 
1383, 1257, 1111; 'H-NMR (500 MHz, CDC1 3 ) £5.65 (a P p dt, J= 15.5, 7.5, 1H), 
5.58 (dd, J= 10.7, 1.3, 1H), 5.35 (dd, J= 15.5, 6.0, 1H), 4.87 (d, J= 7.6, 1H), 3.49 
(dd, J= 9.1, 6.0, 1H), 3.34 (s, 3H), 3.27 (br d, J= 8.8, 1H), 3.13-3.07 (m, 1H), 2.86 
(br s, 1H), 2.34-2.15 (m, 4H), 2.06-1.99 (m, 1H), 1.76 (d, J= 1.6, 3H), 1.75-1.58 (m, 
3H), 1.47-1.41 (m, 1H), 0.98 (d, J= 7.0, 3H), 0.93 (d, J= 6.7, 3H), 0.92 (d, J= 6.7, 
3H); I3 C-NMR(125 MHz, CDCI3) £172.50, 132.45, 132.08, 131.58, 128.26, 82.45, 
80.74, 77.44, 56.67, 33.00, 32.66, 31.76, 30.56, 25.57, 24.91, 22.44, 19.02, 18.96, 
13.20; MS (ESI) 347 fM+Na*]; HRMS (FAB) calcd. for CwHaOoNa [M+Na 4 ] 
347.2198, found 347.2196. 

1 

[0529] Example 47 

[0530] Macrocyclic Secondary Alcohol 69 (diastereomeric mixture): To a 
solution of macroketone 60 (4 mg, 0.014 mmol) in MeOH (0.3 mL) at rt was added 
NaBHt (2 mg, 0.042 mmol). After stirring for 5 min, the reaction mixture was 
carefully treated with 1M HQ (1 mL) and stirring was continued for another 20 min. 
Then the reaction mixture was diluted with EtOAc, the organic layer was separated, 
and the aqueous layer was extracted with EtOAc (4x). The combined organic layers 
were dried (MgSO/j) and concentrated under reduced pressure to afford a 
diastereomeric mixture of macrocyclic secondary alcohol 69 (4 mg, 95%) as a 
colorless oil. IR (neat) 3405, 2931, 2922, 2856, 1446, 1380, 1106, 1090; 'H-NMR 
(500 MHz, CDCI3) £5.66-5.59 (m, 2H), 5.32 (app t, 7= 8.4, 2H), 5.27-5.19 (m, 2H), 
3.83-3.72 (m, 2H), 3.49 (s, 1H), 3.46-3.40 (m, 2H), 3.36 (app t, 7= 10.0, 1H), 3.30 
(s, 6H), 2.74 (br s, 2H), 2.59-2.46 (m, 2H), 2.31-2.26 (m, 2H), 2.19-2.06 (m, 2H), 
2.02-1.90 (m, 2H), 1.83-1.72 (m, 4H), 1.70 (s, 6H), 1.68-1.13 (m, 12H), 0.94 (app t, 
J = 6.3, 6H); ,3 C-NMR (125 MHz, CDC1 3 ) 5 136.43, 136.22, 134.53, 134.21, 
129.52, 129.40, 129.28, 129.19, 84.38, 84.14, 77.51, 77.42, 71.17, 70.66, 56.28, 
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56.22, 33.36, 33.30, 32.87, 32.50, 32.21, 32.16, 30.47, 30.34, 26.93, 26.91, 26.83, 
25.50, 23.46, 23.37, 21.90, 19.67, 12.58, 12.44; MS (ESI) 305 [M+Na 4 ]; HRMS 
(FAB) calcd. for Ci7H 3 o0 3 Na [M+Na 4 ] 305.2093, found 305.2103. 

[0531] Ssaaiple 43 

[0532] Maeroeyclie Teriiary Alcohol 70 (diastereomeric mixture): To a 
solution of macroketone 60 (5.5 mg, 0.020 mmol) in THF (0.4 mL) at 0 °C was 
added MeMgBr (66 ^L, 0.200 mmol, 3M in Et 2 0). After stirring for 5 min, the 
reaction mixture was treated with saturated aqueous NH4CI solution and diluted with 
EtOAc. The organic layer was separated and the aqueous layer was extracted with 
EtOAc (4x). The combined organic layers were dried (MgS0 4 ) and concentrated 
under reduced pressure to afford a diastereomeric mixture of macrocyclic tertiary 
alcohol 70 (6.0 mg, 95%) as a colorless oil. IR (neat) 3434, 2933, 2856, 1460, 1448, 
1117, 1083; 'H-NMR (500 MHz, CDCb) 55.66-5.60 (m, 2H), 5.34-5.31 (m, 2H), 
5.24-5.17 (m, 2H), 3.46-3.32 (m, 6H), 3.30 ( Sj 6H), 2.80-2.70 (m, 2H), 2.61-2.51 (m, 
2H), 2.30-2.26 (m, 2H), 2.17 (br s, 1H), 2.14-2.01 (m, 2H), 1.95-1.82 (m, 2H), 1.77- 
1.60 (m, 2H), 1.70 (s, 6H), 1.58-1.36 (m, 8H), 1.34-1.14 (m, 5H), 1.20 (s, 6H), 1.02 
(app t, J = 7.2, 2H), 0.94-0.92 (m, 6H); 13 C-NMR (125 MHz, CDC1 3 ) 8 136.55, 
136.44, 134.45, 134.35, 129.44, 129.32, 84.34, 84.24, 72.90, 72.80, 56.27, 56.23, 
38.71, 38.60, 38.48, 38.43, 32.10, 32.09, 30.92, 30.56, 29.69, 29.32, 29.24, 27.41, 
27.37, 26.79, 24.27, 23.34, 23.33, 21.91, 21.14, 12.64, 12.57; MS (ESI) 319 
[M+Na 4 ]; HRMS (FAB) calcd. for CigHazOjNa [M+Na 4 ] 319.2249, found 
319.2264. 

[0533] Example 49 

[0534] Macrocyclic CF 3 -Alcohol 71 (major): To a solution of macroketone 60 
(10 mg, 0.036 mmol) and TMSCF3 (27 uL, 0.180 mmol) in THF (0.6 mL) at rt was 
added a catalytic amount of TBAF. After stirring for 1 h, the reaction mixture was 
treated with excess TBAF and stirred for another 5 h. The reaction mixture was 
concentrated under reduced pressure. Purification of the crude product by FC 
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(hexane/EtOAc 3:1) afforded a diastereomeric mixture of alcohol 71 (10 mg, 80%) 
as a colorless oil. Further purification by FC (hexane/EtOAc 7:1 — ► 3:1) provided 
the major isomer 71 in pure form as a colorless oil. IR (neat) 3409, 2963, 2931, 
2922, 1457, 1244, 1150, 1112; 'H-NMR (500 MHz, CDC1 3 ) £5.64 (ddd, 7= 17.2, 
9.4, 5.1, 1H), 5.34 (d, J= 10.7, 1H), 5.19 (dd, J= 17.2, 8.2, 1H), 3.43 (app t, 7= 9.0, 
1H), 3.36 (app d, J= 9.5, 1H), 3.30 (s, 3H), 2.87 (br s, 1H), 2.56-2.47 (m, 1H), 2.31- 
2.26 (m, 1H), 2.11-2.03 (m, 1H), 2.00-1.84 (m, 2H), 1.71-1.68 (m, 2H), 1.69 (s, 3H), 
1.69-1.38 (m, 4H), 1.30-1.22 (m, 2H), 0.99 (app t, 7= 7.3, 1H), 0.93 (d, J= 7.0, 
3H); ,3 C-NMR (125 MHz, CDC1 3 ) S 136.38, 133.31, 129.78, 129.45, 83.77, 56.33, 
32.00, 31.02, 30.41, 29.72, 26.99, 25.09, 23.93, 23.27, 20.20, 19.63, 12.74; MS 
(ESI) 373 [M+Na 4 ]; HRMS (FAB) calcd. for Cm^FaOaNa [M+Na 4 ] 373.1966, 
found 373.1971. 

[0535] Example 50 . 

[0536] Macrooxime 72 (diastereomeric mixture): A solution of macroketone 
60 (5 mg, 0.018 mmol) and NH 2 OH»HCl (12 mg, 0.178 mmol) in pyridine (0.3 mL) 
was heated to 45 °C for 3 h. The reaction mixture was concentrated under reduced 
pressure and the crude product was purified by FC (hexane/EtOAc 1:1) to afford a 
diastereomeric mixture of macrooxime 72 (4 mg, 70%) as a colorless oil. IR (neat) 
3326, 2930, 1447, 1109, 1086, 981; 'H-NMR (500 MHz, CDCI3) 5 5.72-5.64 (m, 
2H), 5.37 (d, J= 9.1, 2H), 5.31-5.25 (m, 2H), 3.50-3.45 (m, 2H), 3.38-3.35 (m, 2H), 
3.32 (s, 6H), 2.82 (br s, 2H), 2.62-2.57 (m, 2H), 2.43-2.36 (m, 2H), 2.29-2.04 (m, 
14H), 1.76 (d, J= 1.6, 3H), 1.71 (d,7= 1.8, 3H), 1.56-1.48 (m, 6H), 1.27-1.24 (m, 
2H), 0.97 (d, J= 6.8, 3H), 0.96 (d, J= 6.8, 3H); ,3 C-NMR (125 MHz, CDCI3) 5 
161.91, 161.66, 135.46, 135.30, 134.03, 133.76, 129.76, 129.64, 129.29, 129.19, 
83.93, 83.89, 77.65, 77.48, 56.42, 33.66, 32.57, 32.51, 32.42, 30.62, 30.41, 30.29, 
28.22, 27.01, 26.94, 26.70, 26.64, 24.42, 23.51, 23.13, 12.67; MS (ESI) 318 
[M+Na 4 ]; HRMS (FAB) calcd. for CnH^NOaNa [M+Na 4 ] 318.2045, found 
318.2049. 
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10537] Example 51 

[0538J Biotinylated Macrohydrazone 73 (diastereomeric mixture): A 
solution of macroketone 60 (6 mg, 0.021 mmol) and biotin-dPEG4-hydrazide (13 
mg, 0.026 mmol) in EtOH (0.3 mL) was heated to 55 °C for 1 h. The reaction 
mixture was concentrated under reduced pressure and the crude product was purified 
by FC (CH 2 Cl 2 /MeOH 4:1) to afford a diastereomeric mixture of biotinylated 
macrohydrazone 73 (12 mg, 75%) as a colorless oil. IR (neat) 3291, 2930, 2872, 
1703, 1691, 1680, 1668, 1540, 1459, 1261, 1104; 'H-NMR (500 MHz, CDC1 3 ) 5 
9.56 (s, 0.4H), 9.50 (s, 0.4H), 9.23 (s, 0.6H), 9.10 (s, 0.6H), 6.77-6.73 (m, 2H), 6.5S 
(s, 0.6H), 6.50 (s, 6H), 6.12 (s, 0.4H), 6.08 (s, 0.4H), 5.70-5.63 (m, 2H), 5.42-5.34 
(m, 2H), 5.32-5.25 (m, 2H), 5.18 (s, 0.8H), 5.04 (s, 1.2H), 4.50-4.47 (m, 2H), 4.37- 
4.32 (m, 2H), 3.83-3.79 (m, 4H), 3.68-3.55 (m, 32H), 3.48-3.41 (m, 6H), 3.39-3.28 
(m, 8H), 3.16-3.14 (m, 2H), 2.97-2.89 (m, 5H), 2.82 (s, 0.6H), 2.78 (s, 0.4H), 2.74- 
2.70 (m, 2H), 2.64-2.56 (m, 4H), 2.30-2.22 (m, 10H), 2.20-2.02 (m, 4H), 2.17 (s, 
3H), 1.77 (s, 3H), 1.75-1.64 (m, 12H), 1.25-1.24 (m, 2H), 0.95 (d, J= 7.0, 3.6H), 
0.92 (d, J =6.6, 2.4H); 13 C-NMR (125 MHz, CDC1 3 ) 8 173.95, 173.74, 173.33, 
173.22, 163.73, 163.67, 163.49, 160.94, 160.65, 156.08, 155.65, 135.39, 135.02, 
134.78, 133.92, 133,65, 132.80, 132.62, 130.73, 130.61, 129.71, 129.56, 129.39, 
128.99, 128.92, 83.99, 83.83, 83.79, 83.70, 77.64, 77.53, 77.46, 77.41, 70.42, 70.38, 
70.14, 70.04, 69.92, 61.77, 61.73, 60.08, 56.46, 56.40, 40.61, 40.54, 39.13, 39.10, 
36.29, 35.86, 35.77, 33.17, 32.68, 32.44, 30.92, 30.67, 30.46, 30.36, 29.68, 28.07, 
27.41, 26.88, 26.81, 26.58, 25.51, 25.45, 24.59, 23.63, 23.49, 23.26, 12.71, 12.66; 
MS (ESI) 768 [M+H*]; HRMS (FAB) calcd. for C38H66N5O9S [M+H 4 ] 768.4581, 
found 768.4581. 

[0539] Example 52 

[0540] Preliminary Biological Data 

[0541] 1. Tube formation assay fTable IV 

[0542] A protocol was designed based on the instructions from the provider (BD 
Bioscience, San Jose, CA). Briefly, wells of a 48 well culture dish were covert with 
150 uL matrigel and the matrigel was gelatinized for 30 min at 37 °C. A 80-90% 
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confluent HUVEC (BD Bioscience, San Jose, CA) culture was trypsin treated, the 
detached cells were collected by centrifugation and resuspended in EGM-2 media 
(BD Bioscience, San Jose, CA). Cell concentration was adjusted to 100.000 
cells/mL. 400 \iL of the cell suspension were filled in the matrigel coated wells, and 
a solution of the inhibitor was added to the intended final concentration. The plates 
were incubated at 37 °C with 5 % CO2 for 16 - 18 h. Media was removed, and the 
matrigel surface was washed twice with 500 jiL PBS before cells were labeled with 
250 S \xM Calcein AM (Pierce, Rockford, DL) in PBS for 30 min at 37 °C. After 
two additional washing steps (500 \iL PBS) cells were visualized under an inverted 
microscope. Fluorescence was excited at 488 nm and recorded at 538 nm. The 
minimum effect concentration was defined as the minimal inhibitor concentration 
that caused a definite disturbance of the complexity of the formed tube network. 
[0543] 2. Wound healing assay (Table 2) 

[0544] The wound healing assay was performed based on the method described 
by Nakae et al (Nakae et al, J. Antibiotics (2000), 53, 1130-1136). Briefly, 
adherent cells were grown in a suitable media to confluence (e.g. KYSE-520 cells in 
RPMI-1640 with 10 % FBS). Cells were starved for 24 h in serum free media. A 
scratch (ca. 0.5 mm) was applied and the cell layer was washed twice with PBS after 
removal of the media. Fresh, serum free media with the test compound at the desired 
concentration was. added and the cells were incubated for 28 to 30 h at 37 °C, 5 % ■ 
CO2. The scratch size was compared to that observed for cells exposed to IOOjiM 
Migrastatin. Test compounds associated with a scratch size equal to or larger than 
that observed for cells exposed to 100fiM Migrastatin were deemed to have cell 
migration inhibitory activity at least equal to Migrastatin. 
[0545] 3. Chamber cell migration assay (Table 3) 

[0546] Cells were grown in an appropriate media to 70 to 80 % confluence and 
incubated in serum and growth factor free media for 24 h. Cells were detached by 
trypsin treatment, collected by centrifugation and resuspended in serum free media 
to a final concentration of 150,000 cells/mL. 400 \iL of the cell suspension were 
loaded into a fibronectin coated insert for 24 well multidishes. 750 \xL fully 
supplemented media were applied to the compartment under the insert To both 
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chambers the inhibitor was added at the intended concentration and the plates were 
incubated for 36 h at 37 °C, 5 % CO2. The media from both chambers was aspirated, 
the lower section was filled with 300 \iL CyQuant assay solution (Molecular Probes, 
Eugene, OR), and incubated at room temperature for 5min. The resulting CyQuant 
assay solution was transferred to the cavities of a 96 well microtiter plate and the 
fluorescence signal was recorded in an appropriate reader. The CyQuant dye forms 
a highly fluorescent complex with DNA, thus the fluorescence signal is proportional 
to the number of cells that migrated throught he membrane in the presence of the 

■ 

test compound (N 1 ). A positive control (i.e., without a test compound in the 
growth media) was carried out according to the procedure described above, except 
that no test compound was added. The positive control fluorescent reading 
correlates with the number of ceils that migrate through the membrane in the 
absence of inhibitor (N 4 ). A negative control (i.e., without a test compound and 
without attractants (e.g., growth factors, serum) in the growth media) was carried out 
according to the procedure described above, except that no test compound and 
attractants were added. The negative control fluorescent reading correlates with the 
number of cells that migrate through the membrane through non-directed processes 
(N"). The anti-migratory effect of a test compound is determined by the ratio (N - 
N~) / (N* - N"). 

[0547] Example 53 

[0548] Chamber Cell Migration Assay (Tables 4 and 6): Cell migrations 
were assayed with Boyden chambers [8.0 \xm pore size, polyethylene terephthalate 
membrane, FALCON cell culture insert (Becton-Dickinson)]. 4T1 mouse breast 
tumor cells or HUVECs were trypsinized and counted. 300 \il of 5-1 Ox 10 4 cells in 
serum-free medium was added to the upper chamber and 500 jj! of medium with 
10% fetal bovine serum (FBS) was added to the lower chamber. The transwells 
were incubated for 6-8 h at 37 °C with different concentrations of chemical 
compound in both upper and lower chamber. Cells on the inside of the transwell 
inserts were removed with a cotton swab, and cells on the underside of the insert 
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were fixed and stained. Photographs of three random regions were taken and the 
number of cells was counted to calculate the average number of cells that have 
transmigrated. 

[0549] EKamplary effects of migrastatin analogs, macrolactone 48 and 
migrastatin 1, on 4T1 tumor cell migration are shown in Figure 2. 

[0550] Example 54 

[0551] Mouse Plasma Stability Studies (Table 5): HPLC coitditions: The 
sample is injected and separated using an Inertsil ODS3 6u 3x 150 mm column with 
a mobile phase of MeCN and water (50% for migrastatin) at a flow of 0.4 mL/min, 
monitored at 220 nm at 0.02 AUFS (the retention time for migrastatin is ca. 4 min, 
the identity of this peak was confirmed by mass spectral analysis). Incubation and 
sample preparation conditions: A solution (ca. 30 mM) of chemical compound 
(Table 5) in DMSO is prepared. 2 of the solution is added to a mixture 
containing 200 \iL of mouse plasma and 800 jiL of PBS. The resulting solution is 
put into a water bath at 37 °C, and 100 ^iL of sample is withdrawn at 10, 20, 30, 45, 
and 60 min. The precipitate is removed by centrifugation and 20 \xL of the 
supernatant is injected onto the HPLC. 

[0552] Example 55 

[0553] Cell Proliferation Assay: 4x 10 4 of 4T1 tumor cells in RPMI-1640 
medium containing 10% FBS were seeded into wells of 96-multiwell plates 
(Becton-Dickinson) in the presence or absence of chemical compounds and then 
incubated at 37 °C for 48 h. An MTT kit (Cell Proliferation Kit I, Roche) (a 
colorimetric assay) was used to quantify cell proliferation and viability. The number 
of living cells, thus the total metabolic activity, directly correlates to the amount of 
purple formazan crystals formed (monitored by the absorbance). 
[0554] Examplary effects of migrastatin 1, and migrastatin analogs, 
macrolactone 48, macrolactam 55, and macroketone 60 on 4T1 tumor cell 
proliferation are shown in Figure 3. 
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[0555] Example 56 

[0556] Inhibition of metastasis of mouse breast tumors by uiigrastatm 
aaalogs ia mice. 4T1 mouse breast tumor cell line was isolated from a single 
spontaneously arising mammary tumor from a BALB/BfC3H mouse (MMTV+). 62 
The 4T1 tumor closely mimics human breast cancer in its anatomical site, 
immunogenecity, growth characteristics, and metastatic properties. 63 From the 
mammary gland, 4T1 tumor spontaneously metastasizes to a variety of target organs 
including the lung, bone, brain, and liver through primarily a hematogenous rout 64 
[0557] To assess the efficacy of therapeutic application of migrastatin analogs in 
the 4T1 murine mammary carcinoma models, we administered migrastatin analogs 
(macroketone and macrolactam) to BALB/c mice carrying the 4T1 tumors. 
[0558] Female BALB/c mice (6-8 week old) were purchased from the Jackson 
Laboratory (Bar Harbor, Maine). All mice were housed at the Weill Medical 
College of Cornell University Animal Facilities in accordance with the Principles of 
Animal Care (NIH publication no. 85-23, revised 1985). 4T1 tumor cells (1 x 10 5 ) 
were injected subcutaneously into the abdominal mammary gland area of mice in 0.1 
ml of a single-cell suspension in phosphate buffered saline (PBS) on Day 0. The 
dosage of tumor implantation was empirically determined to give rise to tumor of 
-10 mm in diameter in untreated wild type mice in 21-23 days. On Day 7, when the 
tumors averaged in size -4-5 mm in diameter, migrastatin analogs or control PBS 
saline were given every day by intraperitoneal injection at 10 mg/kg or 20 mg/kg per 
mouse until Day 25. On Day 28, the mice were sacrificed. This regiment of 
migrastatin analogs was well tolerated with no signs of overt toxicity. Every group 
included five mice. Primary tumors were measured using electronic calipers on the 
day when the mice were sacrificed. Tumor size was the square root of the product 
of two perpendicular diameters. Numbers of metastatic 4T1 cells in lung were 
determined by the clonogenic assay. In brief, lungs were removed from each 
mouse on Day 28, finely minced and digested in 5 ml of enzyme cocktail containing 
1 X PBS and 1 mg/ml collagenase type IV for 2 hours at 37°C on a platform rocker. 
After incubation, samples were filtered through 70 uM nylon cell strainers and 
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washed twice with PBS. Resulting cells were suspended and plated serially diluted 
in 10 cm tissue culture dishes in medium RPMI1640 containing 60 uM thioguanine 
for cloriogenic growth. 6-Thioguanine-resistant tumor cells formed foci after 14 
days, at which time they were fixed with methanol and stained with 0.03% 
methylene blue for counting. 

[0559J Example 57 

[0560] Treatmeat 4T1 tumor lung metastasis ia syngeneic mice with 
migrastatin analogs (See, Figure 4). 4T1 tumor cells (10 5 ) were injected s.c. in the 
abdominal mammary gland with 0. 1 ml of a single-cell suspension. Macroketone or 
macrolactam at 10 mg/kg or 20 mg/kg was given i.p. on Day 7 when the tumor size 
was about 5 mm in diameter; and every day until Day 25. On Day 28, the mice were 
sacrificed. Each group comprised five mice. Lung metastasis was measured by the 
6-thiogunine clonogenic assay. The mean and standard deviation are presented. In 
the control group (daily PBS injection), there were 61300 ± 1 8900 colonies. In the 
group treated with 10 mg/kg of macroketone, there were 3875 ± 2525 colonies 
(-94% inhibition of lung metastasis). In the group treated with 20 mg/kg of 
macroketone, there were 650 ± 575 colonies (-99% inhibition of lung metastasis). 
In the group treated with 10 mg/kg of macrolactam, there were 5333 ± 1778 colonies 
(-91% inhibition of lung metastasis). In the group treated with 20 mg/kg of 
macrolactam, there were 5675 ± 6263 colonies (-91% inhibition of lung metastasis). 

[0561] Example 58 

[0562] Effect of migrastatin analogs on 4T1 tumor cell growth (See, Figure 
5). 4T1 tumor cells (10 s ) were injected s.c. in the abdominal mammary gland with 
0.1 ml of a single-cell suspension. Macroketone or macrolactam at 10 mg/kg or 20 
mg/kg was given i.p. on Day 7 when the tumor size was about 5 mm in diameter, 
and every day until Day 25. On Day 28, primary tumors were measured using 
electronic calipers. Treatment with the migrastatin analogs did not slow the growth 
of 4T1 tumors significantly compared to the control PBS saline. We noticed that 
macroketone at 10 mg/kg had a minor effect on tumor growth in mice since the final 
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tumor size was a little smaller. We dissolved all compounds in DMSO and then 
diluted into PBS. The final concentration of DMSO was 1% in all cases. The 
control mice were injected with 1% DMSO in PBS. Each group was comprised of 
five mice. The mean and standard deviation are presented. 

[0563] Esample 59 

[0564] Wound-Healing Assay (See Figure 6). 4T1 mouse breast tumor cells in 
RPMI-1640 medium containing 10% fetal bovine serum (FBS) were seeded into 
wells of 24-multiwell plates (Becton-Dickinson). After cells grew to confluence, 
wounds were made with sterile pipette tips. Cells were washed with Phosphate 
Buffered Saline (PBS) and refreshed with growth medium containing different 
concentrations of chemical compounds. After overnight incubation at 37°C, cells 
were fixed and photographed. 
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FDA Approved Oncology Drugs 
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Aldesleukin 


Proteukin 




Chiron Com 


May 

05 

1992 


Alemtuzumab 


Campath 


Accel Approv. (cUrocal benefit not established) Campath is 
indicated for the treatment of B-ceD chronic lymphocytic leukemia 
(B-CLL) in patients who have been treated with alkylating agents 
and who have faOed fludarabine therapy. 




May 

07 

2001 






ILEX Partners. LP 


afitretinoin 


Panretin 


Topical treatment of cutaneous lesions in patients with AlDS-related 
i\aposis sarcoma. 


Liqand 

Pharmaceuticals 


Feb 

02 

1999 


altoourinol 


Zyloorim 


Patients with leukemia, lymphoma and solid tumor malignancies 
who are receiving cancer therapy which causes elevations of serum 
and urinary uric acid levels and who cannot tolerate oral therapy. 


GlscoSrnithKKns 


May 

17 

1996 








attretamine 


Hexalen 


Single agent palliative treatment of patients with persistent or 
recurrent ovarian cancer following first-line therapy with a dsplatin 
and/or alleviating agent based combination. 


US Biosdence 


Dec 
26 

1990 








arnifostine 


Bnyol 


To reduce the cumulative renal toxicity associated with repeated 
aaminisuation or crspiaun in patients wim aovanceo ovarian cancer 


US Biosdence 


Dec 

08 

1995 






amifosfa'nQ 


Ethvol 


Accel. Approv. (cflnical benefit not established) Reduction of 
piaunum to: a city <n non-small cell lung cancsr 


US Biosdence 

■ 


Mar 
15 

1996 


amifostine 


Ethyol 


To reduce post-radiation xerostomia for head and neck cancer 
where the radiation port includes a substantial portion of (he parotid 
glands. 


US Biosdence ■ • 


Jun 

24 

1999 






• 


anastrozole 


Arimidex 


Accel. Addtov. (clinical benefit not established) for the adiuvant 
treatment of postmenopausal women with hormone receptor . 
positive early breast cancer 


AstraZeneca 


Sep 
05 

2002 




■ 


anastrozpje 


Arimidex 


Treatment of advanced breast cancer In postmenopausal women 
wun disease progression following tamoxifen inerapy. 


AstraZeneca 
Pharmaceuticals r 


Dec 

27 

1995 








anastrpzole 


Arimidex 


For frst-fine treatment of postmenopausal women with hormone 
receptor positive or hormone receptor unknown locally advanced or 


AstraZeneca 


Sep 
01 

2000 




metastatic breast cancer. ' 




mucuuuir* 


arsenic tnoxrae 


Tpsenox 


Second fine treatment of relapsed or refractory APL following ATRA 
plus an anthracydine. 


Cell Theraoeutic 


Sep 

25 

2000 








Asparaqinase 


Bspar 


ELSPAR is indicated in the therapy of patients with acute 
lymphocytic leukemia. This agent is useful primarily in combination 
with other chemotherapeulic agents in the induction of remissions 
of the disease in pediatric patients. 


• 

Merck & Co, InQ 


Aug 
01 

AAA A 

2002 








BCG Live 


TICE BCG 




Orqar 


lonTeknika, 


Aug 
21 

1998 






Qm 

* 


bexarotene capsules 


Targrefin 


For the treatment by oral capsule of cutaneous manifestations of 
cutaneous T-cetl lymphoma in patients who are refractory to at least 
one prior systemic therapy. 


Liqand 

Pharmaceuticals' 


Dec 

29 

1999 








bexarotene qel 


Tarn re tin 


For the topical treatment of cutaneous manifestations of cutaneous 
T-ceD lymphoma in patients who are refractory to at least one prior 
systemic therapy. 


Uqand 

Pharmaceuticals '* 


Jun 

28 

2000 








bleomycin 


Blenoxane 




Bristot-Mvers 


Jul 
31 

1973 




Sauibb 


bleomycin 


Blenoxane 


Sclerosing agent tor the treatment of malignant pleural effusion 

ffUYDCV anil nfflhianiiAn a{ rAmitvAnl ntAtiral r\4f% to t r\v\o 

iwirt) ana prevention 01 recurrent pleural enusions. 


Bristot-Mvers 


Feb 
20 

1996 






Squibb 


busutfan intravenous 


Busutfex 


Use in combination with cydophoshamide as conditioning regimen 
prior to allogeneic hematopoietic progenitor ceil transplantation for 
chronic myelogenous leukemia. 


Omhan Medical. Inc 


Feb 
04 

1999 








busulfan oral 


Mvleran 


Chronic Myelogenous Leukemia- palliative therapy 


GlaxoSmrihKtine 


Jun 

26 

1954 








calusterone 


Mefhosarb 




Pharmada & 


Feb 
20 

1973 






UDiohn Company 


caDecitabine 


Xeloda 


Accel. Approv. (clinical benefit subsequently established) Treatment 
of metastatic breast cancer resistant to both paclitaxel and an 
anthracydine containing chemotherapy regimen or resistant to 

nacfrtnftfp] and for whom fewftipr anlVirarvrfinft ftu>mnv mnv hp 

contrairtdicated. e.g.. patients who have received cumulative doses 
of 400 mg/m2 of doxorubicin or doxorubicin equivalents 


Roche 


Apr 

30 

1998 


• 






caoedtabine 


Xeloda 


Initial therapy of patients with metastatic colorectal carcinoma when 
treatment with fluoropyrtrnidine therapy alone is preferred. 
Combination chemotherapy has shown a survival benefit compared 
to 5-FU/LV alone. A survival benefit over 5_RJ/LV has not been 
demonstrated with Xeloda monotherapy. 


Roche 


1 


Apr 

30 

2001 








caoecitabine 


Xeloda 


Treatment in combination with docetaxel of patients with metastatic 


Roche 


t 


Sep 
07 






breast cancer after failure of prior anthracycline containing 
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carboplatin 



carboplatin 



carrnustine 



carmustins with 



Polifeprosan 20 
implant 



Paraplalin 



Paraolatin 



BCNU. BiCNU 



Gliariel Wafer 



Celebrex 



chemotherapy 



Palliative treatment of patients with ovarian carcinoma recurrent 
after prior chemotherapy, including patients who have been 
previously treated with dsplatin. 



Initial chemotherapy of advanced ovarian carcinoma in combination 
with other approved chemotherapeutic agents. 



For use in addition to surgery to prolong survival in patients with 
recurrent gDoblastoma multiforme who quaEy for surgery. 



BristohMvers 



Souibb 



Bristol-Myers 



Squibb 



Bristol-Myers 
Squibb 



Guilford 

Pharmaceutical? 



Inc. 



Accel. Approv. (clinical benefit not estabGshad) Reduction of polyp 
number in patients with the rare genetic disorder of familial 
adenomatous polyposis. 



Searfe 



2001 



Mar 

03 

1989 



Jul 
05 
1991 



Mar 
07 

1977 



Sep 
23 

1996 



Dec 

23 

1999 



chlorambucil 



Leukeran 



Chronic Lymphocytic Leukemia- palliative therapy 



GlaxoSmithKline 



chlorambucil 



Leufceran 



Gla?a>SmithKKne 



dspjagg 



Platinol 



Metastatic testicular-in established combination therapy with other 
approved chemotherapeutic agents in patients with metastatic 
esficular tumors whoc have already received appropriate surgical 
and/or radiotherapeutic procedures. An established combination 
therapy consists of Platinol, Blenoxane and Velbara 



3ristoJ-Mvers ,. 



Mar 
18 

1957 



Dec 
19 

1978 



afin 



Platinol 



Metastatic ovarian tumors - in established combination therapy with 
other approved chemotherapeutic agents: Ovarian-in established 
combination therapy with other approved chemotherapeutic agents 
In patients with metastatic ovarian tumors who have already 
received appropriate surgical and/or radiotherapeutic procedures. 
An established combination consists of Platinol and Adriamydn. 
Platinol, as a singje agent, is indicated as secondary therapy in 
patients with metastatic ovarian tumors refractory to standard 
chemotherapy who have not previously received Platinol therapy. 



Bristol-Myers 



Sgujbb 



Dec 
19 

1978 



risptatin 



>lati 



as a single agent for patients with transitional cell bladder cancer 
which Is no longer amenable to local treatments such as surgery 
and/or radiotherapy. 



Bristol-Mvers 



Souibb 



Apr 
22 
1993 



dadriblne 



Leustafm, 2-CdA 



Treatment of active hairy cell leukemia. 



RW. Johnson 



Pharmaceutical 



Research Institute 



Feb 

26 

1993 



cvdophospharnide 



Cytoxan. Neosar 



Bristol-Mvers 



cyclophosphamide 



Cytoxan Injection 



Bristol-Mvers 
Squibb 



cyclophosphamide 



Cytoxan Injection 



Bristol-Mvers 
Squfob 



cvdophospharnide 



Cytoxan Tablet 



Bristol-Mvers 
Souibb 



cytarablne 



Cytosar-U 



Pharmaria & 
Uotohn Company 



Nov 

16 

1959 



Nov 
16 

1959 



Apr 

29 

1987 



Apr 

29 

1987 



Jun 
17 

1989 



cvtarabine liposomal 



DeooCyt 



Accel. Approv. (din teal benefit not established) Intrathecal therapy 
of (ymphomatous meningitis 



Pharmaceuticals 



Apr 
01 
1999 



azme 



DTIODome 



Bayer 



dactinomvein. 



actinomvein D 



Cosmeoen 



Merck 



dactinomvdn. 



actinornvdn D 



Cosmegan 



Parbepoetin alfa 



nesfi 



Treatment of anemia assodated with chronic renal failure. 



Parbep oetin alfa 



Acanesp 



Aranesp is indicated for the treatment of anemia in patients with 
non- myeloid mafignanries where anemia b due to the effect of 
concomitantly administered chemotherapy. 



Amqen. IPC 



ftrogeo. Inc 



May 

27 

1975 



Feb 
04 

1964 



Dec 
10 

1964 



Sep 

17 

2001 



Jul 
19 
2002 



daunorubidn liposomal 



luoXome, 



First line cytotoxic therapy for advanced, HIV related Kaposi's 
sarcoma. 



Nexstar. Inc. 



daunorubidn. 



LeutemJa/rrryelcgenous/rnorw of adults/remission 



Apr 
08 
1996 



Jan 
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daunomyrin ' 



Daunorubicin 



daunorubicin. 



Oenlleukln diftttox 



de>razo^an' 



desarazoxane 



docetaxel 



Cembidme 



Qntak 



Accel Approv. (dtnical benefit not established) treatment of 
patients with persistent or recurrent cutaneous T-ceO lymphoma 
whose malignant cells express the CD25 component of the IL-2 
receptor 



3necard 



Zhecard 
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induction in acute lymphocytic leukemia of children and adults. 



In combination with approved anticancer drugs for induction of 
remission in adult ALL. 



Accel. Approv. {clinical benefit subsequently established) 
Prevention of cardiomyopathy associated with doxorubicin 
administration 



Bedford Labs 



WvethAyerst 



Seragen.mc 



Pharmacia & 
Upjohn Qomwnv 



reducing the incidence and severity of cardiomyopathy associated 
with doxorubicin administration in women with metastatic breast 
cancer who havs received a cumulative doxorubicin dose of 300 
mg/m2 and who will continue to receive doxorubicin therapy to 
maintain tumor control. It is not recommended for use with the 
initiation of doxorubicin therapy. . 



Accel Approv. (clinical benefit subsequently established) Treatment 
of patients with locaBy advanced or metastatic breast cancer who 
have progressed during anthracydine-based therapy or have' 
relapsed during anroracydine-based adjuvant therapy. 



Taratere 



For the treatment of locaBy advanced or metastatic breast cancer 
which has progressed during anthracydine-based treatment or 
relapsed during anthracydine-based adjuvant therapy. , 



Pharmacia 
Upjohn Company 



Aventis 

Phannaceuficai 



AvenUs 

Pharmaceutical 



30 
1998 



Mar 
11 

1987 



Feb 

05 

1999 



May 

26 

1995 



Oct 
31 
2002 



May 
14 

1996 



Jun 

22 

1998 



docetaxet 



Taxotere 



For locally advanced or metastatic non-small cell lung cancer after 
failure of prior platinum-based chemotherapy. 



Aventls 

Pharmaceutical 



Dec 

23 

1999 



docetaxel 



Taxotere 



Averrtis 



Pharmaceutical 



Nov 

27 

2002 



docetaxel 



Taxotere 



in combination with cispiatin for me treatment of patients with 
unresectable, locally advanced or metastatic non-small cell lung 
cancer who have not previously received chemotherapy for this 
condition. 



Aventis 



Pharmaceutical 



Nov 

27 

2002 



doxorubicin 



Adriamvrin. Rubex 



Pharmacia & 
Upjohn Company 



Aug 

07 

1974 



doxorubicin 



Adriamydn PFS 
I niecSonintra venous 



Antibiotic, antitumor agent 



Pharmatia & 
Ltoiohn Company 



Dec 

23 

1987 



doxorubicin liposomal 



Doxfl 



Accel Approv. (dinical benefit not established) Treatment of A1DS- 
related Kaposf s sarcoma in patients with disease that has 
progressed on prior combination chemotherapy or in patients who 
are intolerant to such therapy. 



Sequus 

Pharmaceuticals. 



Inc. 



Nov 

17 

1995 



doxorubidn liposomal 



Dpxa 



Accel Approv. (cfinicai benefit not established) Treatment of 
metastatic carcinoma of the ovary in patient with disease that is 
refractory to both pacfitaxel and platinum based regimens 



Sequus 



Pharmaceuticals. 



Inc. 



Jun 

28 

1999 



DROMOSTANOLONE 



PRO PIONATE 



DROMOSTANOLONE 



EE LHrv 



Oct 

26 

1961 



DROMOSTANOLONE 



PROPIONATE 



MASTERONE 



INJECTION 



SYNTEX 



Oct 
08 

1964 



Egotfs B Solution 



Elliott's B Solution 



Diluent for the intrathecal administration of methotrexate sodium 
arid cytarablne for (he prevention or treatment of meningeal 
leukemia or lymphocytic lymphoma. 



Orphan Medical. Inc 



Sep 

27 

1998 



eplrubidn 



Ellence 



A component of adjuvant therapy in patients with evidence of 
axillary node tumor involvement following resection of primary 
breast cancer. 



Pharmacia & 
Upjohn Company 



Sep 

15 

1999 



Epoetin alfa 



epogen 



EPOGENB is indicated for the reatment of anemia related to 
therapy with zidovudine In HIV- infected patients. EPOGENB is 
indicated to elevate or maintain the red blood cell level (as 
manifested by the hematocrit or hemoglobin determinations) and to 
decrease the need for transfusions in these patients. EPOGEND is 
not indicated for the treatment of anemia in HIV-infected patients 
due to other factors such as Iron or folate deficiencies, hemolysis or 
gastrointestinal bleeding, which should be managed appropriately. 



Amaen. Inc 



[Jul 
26 
1999 



Epoetin affa 



epoqen 



EPOGENB is indicated for the treatment of anemic patients 
(hemoglobin > 10 to _< 13 g/dL) scheduled to undergo elective, 
noncardiac, nonvascular surgery to reduce the need for allogeneic 
blood transfusions. 



Amgen, Inc 



Jul 
26 
1999 



Epoetin alfa. 



epoggQ 



EPOGENB is indicated for the treatment of anemia in patients with 
non-myelofd malignancies where anemia is due to the effect of 
concomitantly administered chemotherapy. EPOGEND is indicated 
to decrease the need for transfusions in patients who wflJ be 
receiving concomitant chemotherapy for a minimum of 2 months. 
EPOGENB is not Indicated for the treatment of anemia in cancer 
patients due to other factors such as iron or folate deficiencies, 



Amgen.lnc 



Jul 
26 
1999 
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r 


[v^mohru^ or oastraintesfina] bleedina which should be manaaed 
appropriately. 






Enoefrn alfa 


pooaen 


EPOGEN is Indicated for the treatment of anemia associated with 
CRF metadata oatients on diatvsis (ESRO) and patients not on 


Amoen. Inch 


Jul 
26 
1999 






dialysis. 




esiramustme 




oaOiation of orostate cancer 


Pharmacia & 
LlDjohn Comoanv 


Dec 

24 

1981 










etooosideohosohate 


Flonoohos 


Management of refractory testicular tumors. In combination with 
other approved chemotherapeutic agents. 


Bristol-Myers 


May 
17 

1996 






Squibb 


etoooskfc phosphate? 


EtopoDhos 


Management of small csO lung cancer, first-Ine. In combination with 
other approved chemotherapeutic agents. 


Bnstol-M\ , ers 


May 

17 

1996 






Souibb 


etoDoside Dhoaohate 


EtODODhOS 


Management of refractory testicular tumors and small ceB lung 
cancer. 


Bristol-Myers 


Feb 

27 

1998 






Squibb 


etODOside VP-16 


veoesid 

• 


Refractory testicular tumors-in combination therapy with other 
approved ctiemotherapeutic agents in paflents with refractory 
testicular tumors who hava already received appropriate surgical, 
chemotherapeutic and radiotherapeutic therapy. 


m+m, _ * _ m ■ A mm 

Bnstol-M^'ers 


Nov 
10 

19S3 




Squibb 


etoposide. VP-16 


VePesid 


In combination with other approved chemotherapeutic agents as 
first fine treatment in patients with small cell lung cancer. 


Bristol-Myers 1 


Dec 

30 

1986 






Squibb 


etoooside. VP-16 




In combination with other approved chemotherapeutic agents as 
first fine treatment in patients with small cell bmg cancer. 


Bristol-Myers 1 


Dec 

30 

1986 




Souibb 


exemestane 


m 

Aromasin 


- * 

Treatment of advance breast cancer in postmenopausal women 
whose disease has progressed following tamoxifen therapy. 


• 

Pharmacia & 
Uoiohn Company 


Oct 
21 

1999 








Filgrastim 


Neupoqen 


• 

■ • ■ 


Amqen. Inc 


Feb E 

20 

1991 










Neupogen 


NEUPOGEN is indicated to reduce the duration of neutropenia and 
neutropenia-related clinical sequelae, eg. febrile neutropenia. In 
patients with nonmyeioid malignancies undergoing myeloablafive 
chemotherapy followed by marrow transplantation. 


Amoea Inc 


Apr 
02 

1998 


Filqrastim ! 


Neupogep 


NEUPOGEN is indicated to decrease the incidence of infection, as 
manifested by febrile neutropenia, in patients with nonmyeioid 
malignancies receiving myelosuppresstve anticancer drugs 
Kcnriatptl with a fannifinant incidence of severe neutrooenia with 

fever. 


Amqen, InQ - 1 * 


Apr 

02 

1998 


• 






FflarastirTi 


MeuDOoen 


NEUPOC5EN is indicated for reducing the time to neutrophil 
recovery and the duration of fever, following induction or 
consofidafion hemotheraov treatment of adults with AML. 


Amqen. Inc 


Apr 

02 

1998 








floxuridme 


FUDR 


* * 




Dec 
18 i 
1970 


flntfaarteriai) 




fludarabtne 




Palliative treatment of patients with B-cetl lymphocytic leukemia 
(CLL) who have not responded or have progressed during 
treatment. with at least one standard alkylating agent containing 
regimen. 


Beriex Laboratories 


Apr 
18 

4MAJ 

1991 


Rudara 


Inc. 

mm—— 


fluorouracfl, 5-FV 


Adrucfl 


prolong survival in combination with leucovorin 


ICN Puerto Rico 


Apr 

25 

19S2 






futvestrant 


Faslodex 


the treatment of hormone receptor-positive metastatic breast cancer 
|n postmenopausal women with disease progression following 
ajitiestrosen therapy 


1EB 


Apr 

25 

2002 


qemcitabine 


Gemzar 


Treatment of patients with locally advanced (non resectable stage II 
or 111) or metastatic (stage IV) adenocarcinoma of the pancreas. 
Indicated for first-One treatment and for patients previously treated 
with a 5-fluorouracS-containing regimen. 


EH Liflv 


May 
15 

1996 


aemcitabine 


Gemzar 


For use in combination with cisplatin for the first-fine treatment of 
patients with inoperable, locally advanced (Stage I11A or MB) or 
metastatic (Stage IV) non-small cell lung cancer. 


St Ullv 


Aug 

25 

1998 


aemtuzumab 


Mylotarq 


AccpI Approv. (clinical benefit not established) Treatment of C033 
positive acute myeloid leukemia in patients in first relapse who are 
60 years of age or older and who are not considered candidates for 
cytotoxic chemotherapy. 


Wveth Ayerst 


May 
17 

2000 


ozpgamicin 






aosereRn acetate 


Zoladex Implant 


Palliative treatment of advanced breast cancer in pre- and 
nerimenooausal women. 


AstraZeneca . 
Pharmaceuticals 


Dec 

18 

1995 








ooserefin acetate 


Zoladex 




AstraZeneca 
Pharmaceuticals 


Dec 
18 

1995 








hydroxyurea 


Hvdrea 




Bristol-Myers 
Squibb 


Dec 
07 

1967 
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hydroxyurea 



Decrease need for transfusions In sickle cefl anemia 



Bristol-Myers 



Squibb 



Feb 

25 

1998 



Ibrftumomab Ttuxetan 



Zevalin 



Accel. Approv. (clinical benefit not established) treatment of 
patients with relapsed or refractory low-grade. foJficular, or 
transformed B-cefl non-Hodgkm's lymphoma, including patients with 
Rftuximab refractory follicular non-Hodgkin's lymphoma. 



IDEC 

Pharmaceuticals 



Com 



Feb 
19 

2002 



tdarubitin 



•filllfifiU. 



For use in combination wtth other approved antileukemic drugs for 
the treatment of acute myeloid leukemia (ANIL) in adults. 



Adda Laboratories 



Sep 

27 

1990 



tdgoibirin 



Idamvcfri 



In combination with other approved antileukemic drugs for the 
treatment of acute non^mphocytic leulcemia in adults. 



Pharmacia & 



Ugjohn Cwnm 



Feb 
17 

1997 



ifosfomtde 



1FEX 



Third fine chemotherapy of germ cell testicular cancer when used in 
combination with certain other approved antineoplastic agents. 



i raws munis 



3 

Squibb 



Dec 

30 

1983 



imatinib mesylate 



Olocvec 



Accel. Approv. (clinical benefit not established) Initial therapy of 
chronic myelogenous leukemia 



NovarSs 



May 
10 

2001 



tmatinib mesylate 



Gtsevsc 



Accel. Approv. (clinical benefit not established) metastatic or 
unresectable malignant gastrointestinal stromal tumors 



Movarfis 



Feb 
01 

2002 



imatmib mesylate 



Gleevec 



AcceL Approv. (cfinical benefit not established) Initial treatment of 
newly diagnosed Ph+ chronic myelogenous leukemia (CML). 



Novarfe 



Dec 

20 

2002 



Interferon alfa-2a 



Roferon-A 



Hoftroann-La Roche 



Inc 



Nov 
01 

1996 



Interferon alfa-2b 



Intron A 



Interferon aifa~2b, recombinant for injection is indicated as adjuvant 
to surgical treatment In patients 1 8 years of age or older with 
malignant melanoma who are free of disease but at high risk for 
systemic recurrence within 56 days of surgery. 



Schering Corp 



Nov 

05 

1997 



Interferon alfa-2b 



IntronA 



Interferon alfa-2b, recombinant for Injection is indicated for the 
initial treatment of clinically aggressive follicular Non-Hodgkln's 
Lymphoma in conjunction with .anthracycfme-containing 
combination chemotherapy in patients 18 years of age or older. 



Schering Corp 



Nov 

06 

1997 



Interferon alfa-2b 



IntronA 



Interferon alta-2b, recombinant for Injection is indicated for 
intra! esional treatment of selected patients 1 8 years of age or older 
with condylomata acuminata involving external surfaces of the 
genital and perianal areas. _ 



Schering Com 



Nov 

06 

1997 



Interferon a(fa-2b 



IntronA 



Interferon atfa-Zb, recombinant for Injection is indicated for the 
treatment of chronic hepatitis C In patients 18 years of age or older 
wim compensated Ever disease who have a history of blood or 
blood-product exposure and/or are HCV antibody positive. 



Schering Corp 



Nov 

06 

1997 



Interferon a1fa-2b 



IntronA 



Interferon alfa-2b. recombinant for Injection is indicated for the 
treatment of chronic hepatitis B in patients 18 years of age or older 
with compensated Over disease and HBV replication. 



Schering Corp 



Nov 

06 

1997 



iiiau-iiui 



alfa-2b 



IntronA 



Interferon alfe-2b, recombinant for Injection is indicated for the 
treatment of patients 18 years of age or older with hairy ceD 
leukemia. 



Schering Corp 



Nov 

06 

1997 



Interferon alfa-2b 



IntronA 



Interferon aha-2b, recombinant for Injection Is Indicated for the 
treatment of selected patients 18 years of age or older with AIDS- 
Retated Kaposi's Sarcoma. The Gkefihood of response to INTRON 
A therapy is greater In patients who are without systemic 
symptoms, who have limited lymphadenopathy and who have a 
relatively intact immune system as indicated by total CD4 count 



Schering Corp 



Nov 

06 

1997 



Interferon atfa>2b 



IntronA 



Schering Corp 



Jun 
21 

2002 



alfa-2b 



IntronA 



Schering Corp 



Jun 
21 

2002 



liiyiiyi'ii 



a1fa-2b 



Intron A Intron A 



Schering Com 



Jun 
21 

2002 



itecan 



lilJL»UH!£ll 



Camplosar 



AcceL Approv. (cfinical benefit subsequently established) Treatment 
of patients with metastatic carcinoma of the colon or rectum whose 
disease has recurred or progressed following 5-FU-based therapy. 



Pharmacia & 



U 



M'il.'l 



Company 



Jun 

14 

1996 



Camptosar 



Follow up of treatment of metastatic carcinoma of the colon or 
rectum whose disease has recurred or progressed following 5-FU- 
based therapy. 



Pha 



& 



Upjohn, Company 



Oct 
22 

1998 



irinotecan 



Camptosar 



For first line treatment n combination with 5-FU/teucovorin of 
metastatic carcinoma of the colon or rectum. 



Pharmacia & 



Company 



Apr 

20 

2000 



letrozote 



Eea 



Treatment of advanced breast cancer in postmenopausal women. 



Novarfis 



Jul 
25 
1997 



Fust-fine treatment of postmenopausal women with hormone 



Jan 
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tetrozoTe 



Femara 



receptor positive or hormone receptor unknown locally advanced or 
metastatic breast cancer. 



NovarBs 



10 
2001 



tetrozote 



Femara 



Novarfe 



leucovorin 



Wellcovorin. 
Leucovorin 



Leucovorin calcium is indicated fro use in combination with 5- 
fiuorouracil to prolong survival in the palliative treatment of patients 
with advanced colorectal cancer. 



Immunex 



Corporation 



Jan 
17 

2003 



Jun 

20 

1952 



leucoyorja 



Leucovorin 



Immunex 



Jan 
30 
1937 



leucovorin 



Immune;: 



Corporation 



Jan 

30 

1987 



teucovgrin 



Leucovorin 



Immunex 
Corporation 



Aug 
31 

1988 



leucovorin 



Leucovorin 



In combination with fluorouracfl to prolong survival in the palliative 
treatment of patients with advanced colorectal cancer. 



Lederte 



Laboratories 



Dec 

12 

1991 



Igyarnisols 



Emamteol 



-'Adjuvant treatment In combination with 5-fluorouracil after surgical 
resection in patients with Dukes* Stage C colon cancer. 



Research 
Foundation 



Jun 
18 

1990 



tomustine. CCNU 



PrfetphMyers 



Squibb 



Aug 

04 

1976 



mectorethamine. 



nitrogen mustard 



Musi 



EUJtHl 



Merck 



Mar 

15 

1949 



meoestrol acetate 



Megace 



Bristol-Myers , 



Squibb 



Aug 

18 

1971 



melohatan. L-PAM 



Alkeran 



melohalan. L-PAM 



GlaxoSmrthKline 



Systemic administration for paOiaUve treatment of patients with 
multiple myeloma for whom oral therapy is not appropriate. 



GlaxoSrofthKline 



Jan 
17 

1964 



Nov 
IB 

1992 



mercaptopurine. 6-MP 



Purinethol 



mesna 



GtexoSmithKtine 



Prevention of ifbstamide-induced hemorrhagic cystitis 



AstaMecfica 



Sep 
11 

1953 



Dec 

30 

1988 



u^uimi**.*! 



Methotrexate 



Lederte 



Dec 

07 

1953 



methotrexate 



Methotrexate 



s 



Aug 
10 

1959 



methotrexate 



Methotrexate 



Lederte 
Utoratories 



Nov 
01 

1971 



methotrexate 



Methotrexate 



Lederte 



Laboratories 



Nov 
01 

1971 



methotrexate 



Methotrexate 



osteosarcoma 



Lederte 



Apr 
07 

1988 



methotrexate 



Methotrexate 



methoxsalen 



Uvadex 



Lederte 
Laboratories 



For the use of UVADEX with the.l/VAR Photopheresis System In 
the palliative treatment of the skin manifestations of cutaneous T- 
ceO lymphoma (CTCL) that is unresponsive to other forms of 
treatment 



Therakos 



Oct 
31 

1988 



Feb 

25 

1999 



mitomycin C 



Mutamvcin 



Bristol-Myers 



Squibb 



May 

28 

1974 



mitomycin C 



Mftogytrex 



therapy of disseminated adenocarcinoma of the stomach or 
pancreas In proven combinations with other approved 
chernotherapeutic agents and as palliative treatment when other 
modalities have failed. 



Suoeraen 



Nov 
14 

2002 



mltotane 



Lvsodren 



Bristol-Myers 
Squibb 



For use in combination with corticosteroids as initial chemotherapy 



Immunex 



Jul 
08 
1970 



Nov 
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1 

mitoxahtrrifte 


Novantrone 


* 

•or me uEairneni oi pauenis wiui pain reiaieo to aovanceu 
hormone-refractory prostate cancer. 


Corporation 


• 3 

1996 








mitoxantrone 


Novantrone 


For use with other approved drugs In the initial therapy for acute 
nonrymphocytic leukemia (ANLL) in adults. 


Lederte 


Dec 

23 

1987 






Laboratories 


nandrolone 


Durabofirt-50 




Oraanon 


Oct 

30 

1959 


pnenpropipaare 






Nofetumomab 


Verluma. 




Boehrinqer 
Iraelheim Pharma 
KG fformertv Dr. 


Aug 
20 






I^aH Thnmsto 
rwn i noiiiat? 

GmbW 


Qorelvefcm 


Neumeaa 




oei R?in#ia iriouiuiti. 


Nov 

25 

1997 






Inc 


Oprervelcii 




Neumeaa 




Genetics Institute. 


Sep 
18 

2002 






Inc 


OPfehratan 


Neumeaa 


Neumega is indicated for the prevention of severe 
thrombocytopenia and the reduction of the need for platelet 
tranaueions following myelosuppresshfa chemotherapy In adult 
patients with nonmyetoid malignances who are at high nsk of 1 
severe thrombocytopenia. 


Genetics Institute, 


Sep 
18 

2002 






Inc 


oxaiiDtatm 




■ « 

Eioxatin 


Accel. Approv. (cOnical benefit not established) In combination with 
infusional 5-FU/LV, is indicated for the treatment of patients with 
metastatic carcinoma of the colon or rectum whose disease has . 
recurred or progressed during or within 6 months of completion of 
in oi one uiciapy wiui ure ouuiuuiauun w ooius otuilv ana 
irinotecan. 


* 
i 

Sanott Svnthelabo 


Aug 
09 

2002 




• 




padllaxel 


Paxene 


treatment of advanced AlOS-retated Kaposi's sarcoma after failure, 
of first fine or subsequent systemic chemotherapy 

* » » • ■ . , . 


oaxer Norcon 
Pharmaceuticals. 


Dec 
24 

1QQT 




inc 


padltaxel 


Taxd 


Treatment of patients with metastatic carcinoma of the ovarv alter 
failure of first-fine or subsequent chemotherapy. 


Bristot-Mvers ' 
Saiibb 


Dec 
29 


pacfitaxel 


■ 


Taxol 


Treatment of breast cancer after failure of combination 
chemotherapy for metastatic disease or relapse within 6 months of 
dujuvcuiL cncinuincid|iy. r i im uiciapy snouid nave uiciuugu an 
anthracycCne unless cflnlcafly contramdicated. 


BrtstoJ-Mvers 


Apr 

13 

1994 


* 


Cm iTVil-k 
OCfUlDD 

■ 

* 


pacfitaxel 




TavnJ 


New dosing regimen for patients who have failed initial or 


BrfstoJ-Mvers 


Jun 

22 

1994 






subsequent chemotherapy for metastatic carcinoma of the ovary 


Sautbb 


pacfitaxel 




Tavnl 




BnstoMVIyers 


Aug 
1997 






Squibb 


pacGtaxel 






For first-One therapy for the treatment of advanced carcinoma of the 
ovary in combination with dsplafin. 


Bristol-Myers , 


Apr 
no 

1998 






Saufbb 


pacfitaxel 




Ta*nl 

i paw 


for use In combination with risplatin, for the first-tine treatment of 

iwucmaD cf^fl li inn ranrpr In nnt?Pnt<i u/hn is hp nrvt fanrf IHstAc for 

potential ty curative surgery and/or radiation therapy. 


BristoJ-Mvers 


Jun 

^n 

1998 




Sairibb 


Dacfitaxel 




Taxol 


For the adjuvant treatment of node-positive breast cancer 

administered ^pnnpnliallv to ^fandanl (tnynnihirin-cnntetininn 

OUIIIU livid CW WM|UVI IllMil V US OL0IIUUIU VJVAUI %MJi\A9 PT^WI IICXU Ml ly 

combination therapy. 


Brtstot-Mvers 


Oct 

25 

1999 






Sauibb 


paclltaxel 


Taxol 


-irsf tine ovarian ranrpr with 3 hour fnft i*dnn 


Brtstol-Mvers 
Sauibb 


Jun 
20 

2000 


Damidronate 


Aredia 


Treatment of osteolytic bone metastases of breast cancer in 
conjunction with standard antmeoplasfic therapy. 


t w vai ud 


Sep 

22 

1998 








pjiajdemj 


ise 


Adaqen (Peoademase 
Bovine) 


Enzyme replacement therapy for patients with severe combined 
immunodeficiency asa result of adenosine deaminase deficiency. 


Enzon 


Mar 
21 

1990 




aase 


Oncaspar 




Enzon. Inc 


Feb 
01 

1994 








Pegfilgrastirn 


Neulasta 


Neulasta is indicated to decrease the incidence of infection, as 
manifested by febrile neutropenia, in patients with non-myetold 
malignancies receiving rrryelosuppressive anti-cancer drugs 
associated with a dinicatly significant incidence of febrile 
neutropenia. 


Amaen Inc 


Jan 
31 

2002 








perrtostatin 


Nipent 


Single agent treatment for adult patients with alpha interferon 
refractory hairy cell leukemia. 


Parke-Davis 
Pharmaceutical Co. 


Oct 
11 

1991 








oentostaUn 


Nipent 


Single-agent treatment for untreated hairy cell leukemia patients 
with active disease as defined by dinicaBy significant anemia, 
neutropenia, thrombocytopenia, or disease-related symptoms. 


Parke-Davis 


Sep 

29 

1993 






Pharmaceutical Co, 
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n 




Esupplement for front -fine therapy.) 






pipobroman 


Vercvte j 




Abbott Labs 


Jul 
01 

1966 








plicamvcin, 


ivuinraan 


• 


Pfhrflr 1 ahc 
rUZcl 1 nuo 


May 

05 

1970 


mithramycin 






oorfimer sodium 


Photofnn 


For use In photodynamlc therapy (PDT) for paffiation of patients 
with completely obstructing esophageal cancer, or patients with 
partially obstructing esophageal cancer who cannot be satisfactorily 
treated with ND-YAG laser therapy. 


QLT 

PhototheraDeutics 


Dec 

27 

1995 






Inc. 


oorfimer sodium 


Photofrin 


For use in photodynamic therapy for treatment of microinvasive 
endobrondual nonsmafl call lung cancer in patients, for whom 
surgery and radiotherapy are not indicated. 


Ol T 

Phototheraoaurtcs 


Jan 

09 

1998 






Inc. 


Dorfimer sodium 


Photofrtn 


For use in photodynamic therapy (PDT) for reduction of obstruction 
and palliation of symptoms in patients with completely or partially 
obstructing endobroncial nonsmall cell lung cancer (NSCLC). 


QLT 

PhototheraDeutics 


Dec 

22 

1998 






Inc. 


procarbazine 


Matuiane 




Soma Tau Pharms 


Jul 

22 
1969 








quinacrine 


Atabrine 


* • 


Abbott Labs. 


UGC 

07 

1964 


<asbuncase 


ilueK 


cLITEK is indicated for the initial management ot plasma unc acta 
levels in pediatric patients with leukemia, lymphoma, and solid 
tumor malignancies who are receiving anticancer therapy expected 
to result In tumor lysis and subsequent elevation of plasma uric 
acid. 


Sanofi-Svnthelabo. 


Jut 
12 

2002 




. 


Inc 


Rltindmah 


Rituxan 


• 

* • ♦ 


Genentech. Inc '' 


Nov 

26 

1997 








Saranamostim " * 


Prokine 




Immunex Corn • 


Nov 

07 

1996 








straotozocin 


Zanosar 


■ 

AnttneoDlastic aqent 


Pharmacia & . 
Ltoiohn Combanv 


May 

07 

1982 








talc 


Scterosol 


For the prevention of the recurrence of malignant pleural effusion In 
symptomatic patients. 




Dec 

24 

1997 






tamoxifen 


Nolvadex 




AstraZeneca 
Pharmaceuticals 


Dec 

30 

1977 






tamoxifen 


Nolvadex 


As a single agent to delay breast cancer recurrence following total 
mastectomy and axillary dissection in postmenopausal women with 
breast cancer (T1-3, N1 , MO) 


AstraZeneca 
Pharmaceuticals 


Dec 

03 

1986 


tamoxifen 


Nolvadex 


For use in premenopausal women with metastatic breast cancer as 
an alternative to oophorectomy or ovarian irradiation 


AstraZeneca 
Pharmaceuticals 


Mar 
16 

1989 








tamoxifen 


Nolvadex 


For use in women with axillary node-negative breast cancer 
adjuvant therapy. 


AstraZeneca 
Pharmaceuticals 


Jun 
21 

1990 








tamoxifen 


Nolvadex 


Metastatic breast cancer In men. 


AstraZeneca 
Pharmaceuticals 


Apr 
01 

1993 








tamoxifen 


Nolvadex 


Equal bioavailability of a 20 mg Nolvadex tablet taken once a day to 
a 10 mg Nolvadex tablet taken twice a day. 


AstraZeneca 
Pharmaceuticals 


Mar 
21 

1994 








tamoxifen 


Nolvadex 


to reduce the Incidence of breast cancer in women at high risk for 
breast cancer 


AstraZeneca 
Pharmaceuticals 


Oct 
29 

1998 










Nolvadex 


In women with DCIS, following breast surgery and radiation. 
Nolvadex is indicated to reduce the risk of invasive breast cancer. 


AstraZeneca 


Jun 
29 

2000 


tamoxifen 


Pharmaceuticals 


temozotorrmie 


Temodar 


Accel. Approv. (clinical benefit not established) Treatment of adult 
patients with refractory anaplastic astrocytoma, patients at first 
relapse with disease progression on a nitrosourea and 
procarbazine containing regimen 


Schering 


Aug 
11 

1QQQ 






tentoosfde. VM-26 


Vumon 


In combination with other approved anticancer agents for induction 
therapy in patients with refractory childhood acute lymphoblastic 
leukemia (all). 


BristoJ-Mvers 
Saufbb 


Jul 
14 

1992 








testotectone 


Teslac 




Bristof-Mvers 


Jun 

03 

1969 






Saufbb 


testolactone 


Teskc 




Bristol-Mvers 


May 
27 

1970 






Souibb 
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thtoQuantne. 6-TG 


■ 

Thioquanine 






SmithKline 


Jan 
18 

1966 








trtioteoa 










Immunex 


Mar 

09 

1959 








Corporation 


IWoteDa 


Thtoplex; 


• 




Immunex 
Corporation 


Dec 

22 

1994 






thiotepa 


HiiopteH 






Uteris 


Aug 
15 

1990 






Laboratories 




Hvcamtin 


Treatment of patients with metastatic carcinoma of the ovary after 
failure of Initial or subsequent chemotherapy. 


GtexoSmithKnne 


ft/lay 
1996 






• 

tocotecsn 


• 

Hvcamtin 


Treatment of small cell lung cancer sensitive disease after failure of 

firct-fino rhoninfhoranu In rfinii*2jl cfi rrltoc ctihmiftori in cimnnrf 
IllSitrUlIc; UllClIIUil lei CJJJf. Ill UUUCd) olUUl S9 suuintuvu (UsUCpUll 

approval, sensitive disease was defined as disease responding to 
chemotherapy but subsequently progressing at least 60 days (in the 
phase 3 study) or at least 90 days (in the phase 2 studies) after 
chemotherapy 


GlaxoSmithKfine 


Nov 
30 

1998 








toremlfene 


Fai 






Treatment of advanced breast cancer in postmenopausal women. 


uppn vorp, 


May 

29 

1997 










TosUumomab 


Bexxar 




/ACCfci. Mfjprov. idiiuucii ucneui nui csuauJioiicu/ 1 icaimeni 01 

patients with CD20 positive, follicular, non-Hodgkin's lymphoma, 
with and without transformation, whose disease is refractory to 
Rttuximab and has relapsed following chemotherapy 


Corixa Corooration 


Jun 

27 

2003 








Trastuzumab 


* 

Herceptin 


nDvwtr i in £15 a single agem is inoicaieo ror ine ucairneni 01 
patients with metastatic breast cancer whose tumors overexpress 
the HER2 protein and who have received one or more 
chemotherapy regimens for their metastatic disease. 


Genentech. Ihc : 


Sep 

25 

1998 








Trastuzumab 


Herceptin 


Herceptin in combination with pacUtaxel is indicated for treatment of 
patients with metastatic breast cancer whose tumors overexpress 
the HER-2 protein and had not received chemotherapy for (heir 
metastatic disease 


Genentech. Inc 


Feb 
09 

«-w r\ f*s w 

2000 






Trastuzumab 


Herceptm 


* 

■ 

• 


Geneptech. (PC 


Dec 
11 

2001 






■ ■ 


Trastuzumab 


Herceotin 




i • 

Genentech. Inc 


Aug 
28 

2002 






■ 


Trastuzumab 


Herceotin 


• 


Genentech. Inc 


Aug 
28 

2002 








tretinoin. ATRA 


Vesanoid 


Induction of remission in patients with acute promyelocyte leukemia 
(APL) who are refractory to or unable to tolerate anthracyefme 
based cytotoxic chemotherapeutic regimens. 


Roche 


* 


Nov 

22 

1995 


•, . 






Uracil Mustard 


Uracil Mustard 


< 

• 




ts Labs 


Sep 
13 

1962 


• 


Caosutes 




valrubirin 


Valstar 




For intravesical therapy of BCG-refractory carcinoma in situ (CIS) of 
the urinary bladder in patients for whom immediate cystectomy 
would be associated with unacceptable morbidity or mortality. 


•i 

Anthra -> Medeva 


Sep 
25 

1998 








vinblastine 


Velban 






EOUDv 


Nov j 
05 

1965 




* 




vincristine 


Oncovin 




• 


EfiUlty 


Jul 
10 

1963 








vincristine 


Oncovin 






EKLillv 


Jul 
10 

1963 








• 

vincristine 


■ 

Oncovin 




• 

EDjJjy 


Jut 
10 

1963 


vincristine 


Oncovin 






Si Lilly 


Jut 
10 
1963 








vincristine 


Oncovin 






ER unv 


Jul 
10 

1963 








vincristine 


Oncovin 




EB Uly 

— ■ — ■■ ■ » 


Jul 
10 
1963 


vincristine 


Oncovin 






Sj Lilly 


Jul 
10 

1963 
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tv 




Single agent or in combination with cisplatin for the first-line 

UcdUiicni Cm oi 1 UMiidlOl y |mUcIH9 WIUI UlncoCvlaDlS, dVVanCcu l lull* 

small ceQ lung cancer (NSCLC). 


v^3xocNTiiini\iine 


Dec 

CO 

1934 








vinoreiDine 


Navel Dine 


Navelbme is indicated as a single agent or in combination with 
tisplafin for the first-tine treatment of ambulatory patients with 
unreseactabte, advanced non-small cell lung cancer (NSCLC). tn 
patients with Stage IV NSCLC. Navelbine Is indicated as a single 
agent or in combination with cisplatin. In Stage 111 NSCLC. 
Navetbine is indicated in combination with risplafm. 


GlaxoSmrthKfine 


Nov 

05 

2002 








zoledronate 


Zometa 


the treatment of patients with multiple myeloma and patients with 
documented bone metastases from solid tumors, in conjunction 
with standard antineoplastic therapy. Prostate cancer should have 
progressed after treatment with at least one hormonal therapy 


Novartl$ 


Feb 

22 
2002 





i 

■ 
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Claims 

We claim: 

1 . A pharmaceutical composition comprising: 

a pharmaceutical^ acceptable carrier, adjuvant or vehicle; and 
a therapeutically effective amount of a compound having the structure: 

Yi y 2 9 



OR 3 
(I) 

or pharmaceutical^ acceptable salt thereof; 

wherein Ri and R 2 are each independently hydrogen, halogen, -CN, -S(0)j. 
2 R 1A , -N0 2 , -COR 1A , -C0 2 R 1A , -NR 1A C(=0)R 1B , -NR lA C(=0)OR 1B , -CONR 1A R 1B , 
an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or - 
WR lA ; wherein W is independently -0-, -S- or -NR 1C -, wherein each occurrence of 
R 1A , R IB and R 1C is independently hydrogen, or an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety; or Ri and R2, taken together 
with the carbon atoms to which they are attached, form an alicyclic, heteroalicyclic, 

aryl or heteroaryl moiety; 

R 3 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; or a prodrug moiety or an oxygen protecting group; 

R4 is halogen, -OR 4A , -OC(=0)R 4A or -NR 4A R 4B ; wherein R 4A and R 4B are 
independently hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl 
or heteroaryl moiety; a prodrug moiety, a nitrogen protecting group or an oxygen 
protecting group; or R 4A and R 4B , taken together with the nitrogen atom to which 
they are attached, form a heterocyclic or heteroaryl moiety; 

R 5 is hydrogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; 
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Rs is hydrogen, halogen, -CN, -S(0),_ 2 R 6A , -N0 2 , -COR 6A , -C0 2 R 6A , - 

NR 6A C(=0)R 6B , -NR 6A C(=0)OR 6B , -CONR 6A R 6B , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryi moiety, or -WR 6 *; wherein W is 
independently -0-, -S- or -Ml 60 -, wherein each occurrence of R 6A , R 6B and PJ 50 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryi moiety; or R6 and Rc, taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryi moiety; 

Ra and each occurrence of Rb are independently hydrogen, halogen, -CN. - 
S(0)!_ 2 R al , -N0 2 , -COR al , -C0 2 R al , -NR^C^R 32 , -NR^C^OR* 2 , - 

CONR^R 32 , an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryi 
moiety, or -WR al ; wherein W is independently -O-, -S- or -NR 33 -, wherein each 
occurrence of R al , R 82 and R 33 is independently hydrogen, or an aliphatic, 
heteroaliphatic, alicyclic, heteroalicyclic, aryl or heteroaryi moiety; or Ra and the 
adjacent occurrence of Rb, taken together with the carbon atoms to which they are 
attached, form an alicyclic, heteroalicyclic, aryl or heteroaryi moiety; 

Rc is hydrogen, halogen, -CN, -S(0),. 2 R cl , -N0 2 , -COR cl , -C0 2 R cI , - 

NR^CCK^R 02 , -NR cl C(=0)OR c2 , -CONR cl R c2 ; an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryi moiety, or -WR cl ; wherein W is 
independently -O-, -S- or -NR 03 -, wherein each occurrence of R cl , R* and R 03 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryi moiety; or Rc and R$, taken together with the carbon atoms to 
which they are attached, form an alicyclic, heteroalicyclic, aryl or heteroaryi moiety; 
n is an integer from 1 to 5; 

Xi is O, S, NR xl or CR^R* 2 ; wherein R X1 and R* 2 are independently 
hydrogen, halogen, an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 

* 

heteroaryi moiety, or a nitrogen protecting group; 

Q is hydrogen, halogen, -CN, -S(0) l4 R QI f -N0 2 , -COR Q1 , -C0 2 R Q1 , - 
NR Ql C(=0)R Q2 , -NR Q1 C(=O)0R Q2 , -CONR Q1 R Q2 , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryi moiety, or -WR Q1 ; wherein W is 
independently -O-, -S- or -NR Q3 -, wherein each occurrence of R Q1 , R Q2 and R Q3 is 
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independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; and 

Yi and Y2 are independently hydrogen, an aliphatic, heteroaliphatic, 
alicyclic. heteroalicyclic, aryl or heteroaryl moiety; or -WR YI ; wherein W is 



independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, 
heteroalicyclic, aryl or heteroaryl moiety; or Yi and Y2 together with the 
carbon atom to which they are attached form a moiety having the structure: 



whereby the composition is formulated for administration to a subject 
at a dosage between about 0. 1 mg/kg to about 50 mg/kg of body weight 

■ 

< 

2. The composition of claim 1, wherein the dosage is between about 1 mg/kg to 
about 50 mg/kg of body weight. 

3. The composition of claim 1, wherein the dosage is between about 0.1 mg/kg to 
about 40 mg/kg of body weight 

4. The composition of claim 1, wherein the dosage is between about 1 mg/kg to 
about 40 mg/kg of body weight 

5. The composition of claim 1, wherein the dosage is between about 0.1 mg/kg to 
about 30 mg/kg of body weight 

6. The composition of claim 1, wherein the dosage is between about 5 mg/kg to 
about 30 mg/kg of body weight 



independently -0-, -S- or -NR^ 2 -, wherein each occurrence of R Y1 and R^ 2 is 




7. The composition of claim 1, wherein the dosage is between about 1 mg/kg to 
about 30 mg/kg of body weight 
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8. The composition of claim 1, wherein the dosage is between about 0.1 mg/kg to 
about 20 mg/kg of body weight 

9. The composition of claim 1, wherein the dosage is between about 1 mg/kg to 
about 20 mg/kg of body weight 

10. The composition of claim 1, wherein the dosage is 10 mg/kg or greater of body 
weight 

1 1 . The composition of claim 1, wherein: 

Ri and R2 are each independently hydrogen or substituted or unsubstituted 
lower alkyl; or Ri and R2, taken together with the carbon atoms to which they are 
attached, form an epoxide, an aziridine or a substituted or unsubstituted cyclopropyl 
moiety, 

R3 is hydrogen, or substituted or unsubstituted lower alkyl or aryl; a prodrug 
moiety or an oxygen protecting group; 



R$ is halogen, -OR 4A , -OC(=0)R 4A or -NR 4A R 4B ; wherein R 4A and R 4B are 



independently hydrogen, or substituted or unsubstituted lower alkyl; a prodrug 
moiety, a nitrogen protecting group or an oxygen protecting group; or R 4A and R 4B , 

* 

taken together with the nitrogen atom to which they are attached, form a 



R 5 and R6 are each independently hydrogen or substituted or unsubstituted 
lower alkyl; or R* and Rc, taken together with the carbon atoms to which they are 
attached, form an epoxide, an aziridine or a substituted or unsubstituted cyclopropyl 
moiety; 





which it is attached forms 
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R a and each occurrence of R b are independently hydrogen, halogen, alkyl, 
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl moiety, or -WR al ; 
wherein W is independently -0-, -S- or -NR* 3 -, wherein each occurrence of R al , and 
R* 3 is independently hydrogen, or an alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, 
aryl or heteroaryl moiety; or Ra and the adjacent occurrence of taken together, 
form an epoxide, an aziridine or a substituted or unsubstituted cj'clopropyl moiety; 

Rc is hydrogen, halogen, alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl 
or heteroaryl moiety, or -WR cl ; wherein W is independently -0-, -S- or -NR 03 -, 
wherein each occurrence of R cl and R 03 is independently hydrogen, or an alkyl, 
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl moiety; or and R*, 
taken together with the carbon atoms to which they are attached, form an epoxide, 
an aziridine or a substituted or unsubstituted cyclopropyl moiety; 

n is an integer from 1 to 5; 

Xt is O, S, NR XI or CR X1 R X2 ; wherein R X1 and R* 2 are independently 
hydrogen, halogen, substituted or unsubstituted alkyl, heteroalkyl, cycloalkyl, 
heterocycloalkyl, aryl or heteroaryl, or a nitrogen protecting group; 

Q is hydrogen, halogen, -CN, -S(0),„ 2 R Q1 , -N0 2 , -COR Q1 , -C0 2 R Q1 , - 
NR Q1 C(=0)R<> 2 , -NR Q1 C(=0)OR Q2 , -CONR Q1 RQ 2 , an aliphatic, heteroaliphatic, 
alicyclic, heteroalicyclic, aryl or heteroaryl moiety, or -WR Q1 ; wherein W is 
independently -0-, -S- or -NR Q3 -, wherein each occurrence of R Q1 , R Q2 and R Q3 is 
independently hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, 
aryl or heteroaryl moiety; 

Yi and Y 2 are independently hydrogen, an alkyl, heteroalkyl, cycloalkyl, 
heterocycloalkyl, aryl or heteroaryl moiety; or -WR Y1 ; wherein W is independently 
-0-, -S- or -NR* 2 -, wherein each occurrence of R Y1 and R* 2 is independently 
hydrogen, or an alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl or heteroaryl 
moiety; or Yi and Y 2 together with the carbon atom to which they are attached form 
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.>=o v 

a moiety having the structure: ^ , ^ 
s NHR Y1 




rY1 ^ J R Y1 ^ .OR Y1 

W >=N 
R Y2 > < , X or 



12. The composition of claim 1, wherein Ra, Rj, and Rc are each hydrogen, and 
the compound has one of the following structures: 



R V1 W. 



^ R Y1 Q y Q N Q 

r x xf^^s^ R ' (r^xf^Y^ ( r^xf , "'^N /R8 




R 5 /m. 





"R4 r 2 ^ y R 2 

OR 3 OR 3 OR 3 

wherein RpR6, Y 2 , Xi, n and Q are as defined in claim 1 ; W is O or NH; and 
R is hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety. 



13. The composition of claim 1, wherein R* R& and Rc are each hydrogen, Q is a 
carbonyl-containing moiety and the compound has one of the following structures: 



WO 2004/087672 



235 



PCT/US2004/009380 




OR 3 



wherein Ri-R*, Y 2 , Xi, and n are as defined in claim 1; W is O or NH; and 
R is hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; R7 is a substituted or unsubstituted lower alkyl or heteroalkyl 
moiety; R« is a substituted or unsubstituted alkyl, heteroalkyl, cycloalkyl, 
heterocycloalkyl, aryl or heteroaryl moiety; and Alk is a substituted or unsubstituted 
Co^alkylidene or Co-ealkenylidene chain wherein up to two non-adjacent methylene 
units are independently optionally replaced by CO, C0 2 , COCO, CONR zl , 
OCONR 21 , NR Z1 NR Z2 , NR z! NR z2 CO, NR zl CO, NR Z1 C0 2 , NR Z1 C0NR Z2 , SO, S0 2 , 
NR Z1 S0 2 , S0 2 NR Z1 , NR Z1 S0 2 NR Z2 , O, S, or NR Z1 ; wherein each occurrence of R Z1 
and R is independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl. 

14. The composition of claim 1, wherein Ra, Rb and Rc are each hydrogen, n is 3 
and the compound has one of the following structures: 



1 

I 
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R Y1 Q y 3 




R Y1 W 

N Q 




wherein Ri-R^ Y2, Q and Xi are as defined in claim 1; W is O or NH; and 
R YI is hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety. 



15. The composition of claim 1, wherein R*, Rb and Rc are each hydrogen, n is 3, 
Q is a carbonyl-containing moiety, and the compound has one of the following 



structures: 



o 





wherein Ri-R$, Xi and Y2 are as defined in claim 1; W is O or NH; R is 
hydrogen, or an aliphatic, heteroaliphatic, alicyclic, heteroalicyclic, aryl or 
heteroaryl moiety; R 7 is a substituted or unsubstituted lower alkyl or heteroalkyl 
moiety; R* is a substituted or unsubstituted alkyl, heteroalkyl, cycloalkyl, 
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heterocycloalkyl, aryl or heteroaryl moiety; and Alk is a substituted or unsubstituted 
Co-6alkylidene or Co^alkenylidene chain wherein up to two non-adjacent methylene 
units are independently optionally replaced by CO, CO2, COCO, C0NR Z1 , 
OCONR 21 , NR ZI NR 22 , NR 2l NR Z2 CO, NR Z1 C0, NR^COa, M^'CONR 22 , SO, S0 2 , 
NR ZI S02, S0 2 NR Z1 , NR ZI S0 2 NR Z2 , O, S, or NR ZI ; wherein each occurrence of R ZI 
and R is independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl; and 
Rs is a substituted or unsubstituted alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, 
aryl or heteroaryl moiety. 

16. The composition of any one of claims 1 and 1 1-15, wherein Ri and R 2 are 
each hydrogen. 

17. The composition of any one of claims 1 and 1 1-15, wherein R 5 and R* are 

■ 

each methyl. 

18. The composition of any one of claims 1 and 11-15, wherein R3 is lower 
alkyl. 

1 9. The composition of claim 1 8, wherein R3 is methyl. 



20. The composition of any one of claims 1 and 1 1 - 1 5, wherein R4 is OH, NH 2 
or halogen. 

21 . The composition of claim 13 or 15, wherein R 7 is lower alkyl. 

22. The composition of claim 21, wherein R 7 is methyl. 

23. The composition of any one of claims 1,11-12 and 14, wherein Q has the 
structure: 
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wherein R7 is a substituted or unsubstituted, linear or branched, cyclic or 
acyclic lower alkyl moiety; R$ is a substituted or unsubstituted carbocyclic, 
heterocyclic, aryl or heteroaryl moiety; and X, Y and Z are independently a bond, - 
0-, -S-, -C(=0)-, -NR Z1 -, -CHOR zl , -CHNR^R 22 , C=S, C=N(R Y1 ) or -CH(Hal); or 
a substituted or unsubstituted Co-<;alkylidene or Co-6alkenylidene chain wherein up to 
two non-adjacent methylene units are independently optionally replaced by CO, 
C0 2 , COCO, CONR zl , OCONR 21 , NR Z1 NR Z2 , NR^NR^CO, NR zl CO, NR Z1 C0 2 , 
NR Z1 C0NR Z2 , SO, S0 2 , NR ZI S0 2 , SOzNR 21 , NR^SOzNR 22 , O, S, or NR ?l ; 
wherein Hal is a halogen selected from F, CI, Br and I; and each occurrence of R Z1 
and R 22 is independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl; or R Z1 
and R , taken together with the nitrogen atom to which they are attached, for a 
heterocyclic or heteroaryl moiety; and pharmaceutically acceptable derivatives 
thereof 

24. The composition of claim 23, wherein Q has the structure: 



wherein R7 is a substituted or unsubstituted, linear or branched, cyclic or 
acyclic lower alkyl moiety; R$ is a substituted or unsubstituted carbocyclic, 
heterocyclic, aryl or heteroaryl moiety; and R Y is hydrogen, halogen, -OR Y1 or - 
NR Y1 NR Y2 ; wherein R Y1 and R^ are independently hydrogen, alkyl, heteroalkyl, 
aryl, heteroaryl or acyl, or R Y1 and R^, taken together with the nitrogen atom to 
which they are attached, for a heterocyclic or heteroaryl moiety. 

25. The composition of any one of claims 13, 15, 23 and 24, wherein R3 is one 




of: 



WO 2004/087672 PCT/US2004/009380 

239 



(R") D (R 8 *) 



fv^ ,f>^ it? (Re% ^3f (R% 

V./ i <^ ^ o s 



/v. R 8B 




herein p is an integer from 0 to 5; q is 1 or 2, r is an integer from 1 to 6; 
each occurrence of R 8 * is independently hydrogen, alkyl, heteroalkyl, aryl, 
heteroaryl, -(alkyl)aryl or -(aIkyl)heteroaryl, -OR 80 , -SR 80 , -N(R 8C )2, -S02N(R 8C )2, - 
(C=0)N(R 8C )2, halogen, -CN, -N0 2 , -(C=0)OR 8C , -N(R 8c )(C=0)R 8D , wherein each 
occcurrence of R and R is independently hydrogen, lower alkyl, lower 
heteroalkyl, aryl, heteroaryl, -(alkyl)aryl or -(alkyl)heteroaryl; and each occurrence 

on 

of R is independently hydrogen or lower alkyl. 

26. The composition of claim 25, wherein Rs has the structure: 

O 

wherein R 8B is hydrogen or lower alkyl. 



t 8B 



27. The composition of claim 1, 1 1, 12 or 13, wherein n is 3. 

28. The composition of claim 12, 13, 14 or 15, wherein Yi is OR Y1 and Y 2 is 
lower alkyl; wherein R YI is hydrogen or lower alkyl. 
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29. The composition of claim 28, wherein Y\ is OH and Y 2 is CF 3 . 

30. The composition of claim 1 1 wherein Rj, and Rc are each hydrogen, and 
the compound has one of the structures: 




OR 3 9 OR 3 9 OR 3 




OR 3 ; 

or pharmaceutically acceptable derivative thereof, 

wherein R3-R& n and Q are as defined in claim 1; and Y 2 and R Y1 are 
independently hydrogen or lower alkyl. 

3 1 . The composition of claim 1 wherein the compound has the structure: 



« 
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RV'q , y 2 9 




or 



or pharmaceutically acceptable derivative thereof; 

wherein R3-R6 and Q are as defined in claim 11; and Y 2 and R Y1 are 
independently hydrogen or lower alkyl. 



32. The composition of claim 1 1 wherein the compound has the structure: 
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or 3 or or 3 



or pharmaceutically acceptable derivative thereof; 

wherein R3-R6 and n are as defined in claim 11; Y2 and R Y1 are 
independently hydrogen or lower alkyl; R7 is a substituted or unsubstituted, linear or 
branched, cyclic or acyclic lower alkyl moiety; R 8B is hydrogen or lower alkyl; and 
X, Y and Z are independently a bond, -0-, -S-, -C(=0)-, -NR Z1 -, -CH0R 21 , - 
CHNR^R 22 , C=S, C=N(R Yl ) or -CH(Hal); or a substituted or unsubstituted C 0 . 
6alkylidene or Co^alkenylidene chain wherein up to two non-adjacent methylene 
units are independently optionally replaced by CO, CO2, COCO, CONR zl , 
OCONR 21 , NR ZI NR Z2 , NR Z1 NR 22 C0, NR ZI CO, NR Z! C0 2 , NR Z1 C0NR Z2 , SO, S0 2 , 
NR ZI S0 2 , SOaNR 21 , NR Z, S0 2 NR Z2 , O, S, or NR Z1 ; wherein Hal is a halogen 
selected from F, CI, Br and I; and each occurrence of R zl and R 22 is independently 
hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl; or R Z1 and R 22 , taken together 
with the nitrogen atom to which they are attached, for a heterocyclic or heteroaryl 
moiety. 
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33. The composition of claim 1 1 wherein the compound has the structure: 




0R 3 

or pharmaceutical^ acceptable derivative thereof; 



wherein R3-R6 are as defined in claim 11; Y2 and R Y are independently 
hydrogen or lower alkyl; R 7 is a substituted or unsubstituted, linear or branched, 
cyclic or acyclic lower alkyl moiety; R 8B is hydrogen or lower alkyl; and X, Y and Z 



i 

a 
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are independently a bond, -0-, -S-, -C(=0)-, -NR Z1 -, -CH0R 21 , -CHNR^R 22 , C=S, 
C=N(R Y1 ) or -CH(Hal); or a substituted or unsubstituted Co^alkylidene or Co- 
6alkenylidene chain wherein up to two non-adjacent methylene units are 
independently optionally replaced by CO, C0 2 , COCO, CONR 21 , 0C0NR 21 , 
NR Z1 NR 22 ? NR zl NR Z2 CO, NR Z1 C0, NR Z1 C02, NR zl CONR Z2 , SO, S0 2 , NR Z1 S0 2 , 
S0 2 NR Z1 , NR ZI S0 2 NR Z2 , O, S, or NR Z1 ; wherein Hal is a halogen selected from F, 
CI, Br and I; and each occurrence of R Z1 and R 22 is independently hydrogen, alkyl, 
heteroalkyl, aryl, heteroaryl or acyl; or R Z1 and R 22 , taken together with the nitrogen 
atom to which they are attached, for a heterocyclic or heteroaryl moiety. 

34. The composition of claim 32 or 33, wherein -X-Y-Z together represents the 
moiety -CH 2 -Y-CH 2 -; wherein Y is -CHOR Y1 , -CHNR Yl R Y2 , C=0, C=S, C=N(R Y1 ) 
or -CH(Hal); wherein Hal is a halogen selected from F, CI, Br and I; and R Y1 and 

are independently hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl, or R Y1 
and R , taken together with the nitrogen atom to which they are attached, for a 
heterocyclic or heteroaryl moiety. 

35. The composition of claim 1 1 wherein the compound has the structure: 
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OR 3 

9 
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OR 3 



wherein R3-R6 and n are as defined in claim 11; Y2 and R are 
independently hydrogen or lower alkyl; R7 is a substituted or unsubstituted, linear or 
branched, cyclic or acyclic lower alkyl moiety; R 8B is hydrogen or lower alkyl; and 
Y is -CHOR Y1 , -CHNR Y1 R Y2 , CO, C=S, C=N(R YI ) or -CH(Hal); wherein Hal is a 
halogen selected from F, CI, Br and I; and R Y1 and R Y2 are independently hydrogen, 
alkyl, heteroalkyl, aryl, heteroaryl or acyl, or R Y1 and R^, taken together with the 
nitrogen atom to which they are attached, for a heterocyclic or heteroaryl moiety. 

36. The composition of claim 1 1 wherein the compound has the structure: 
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wherein Rj-R* are as defined in claim 11; Y 2 and R YI are independently 
hydrogen or lower alkyl; R 7 is a substituted or unsubstituted, linear or branched, 
cyclic or acyclic lower alkyl moiety, R 8B is hydrogen or lower alkyl; and Y is - 
CHOR Y1 , -CHNR Y, R Y2 , C=0, C=S, ON(R Y1 ) or -CH(Hal); wherein Hal is a 
halogen selected from F, CI, Br and I; and R Y1 and R^ are independently hydrogen, 
alkyl, heteroalkyl, aryl, heteroaryl or acyl, or R Y1 and fC 2 , taken together with die 
nitrogen atom to which they are attached, for a heterocyclic or heteroaryl moiety. 

37. The composition of claim 1 1 wherein the compound has the structure: 
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wherein n, R 3 and R4 are as defined in claim 11; Y 2 and R Y1 are 
independently hydrogen or lower alkyl; R 8B is hydrogen or lower alkyl; and R Y is 
hydrogen, halogen, -OR Y1 or — NR Y1 NR Y2 ; wherein R Y1 and R Y2 are independently 
hydrogen, alkyl, heteroalkyl, aryl, heteroaryl or acyl, or R Y1 and R* 2 , taken together 
with the nitrogen atom to which they are attached, for a heterocyclic or heteroaryl 
moiety. 

38. The composition of claim 1 1 wherein the compound has the structure: 
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wherein R 3 and R4 are as defined in claim 1 1; Y 2 and R Y1 are independently 
hydrogen or lower alkyl; R 8B is hydrogen or lower alkyl; and R Y is hydrogen, 
halogen, -OR Y1 or -NR Y1 NR Y2 ; wherein R Y1 and R* 2 are independently hydrogen, 
alkyl, heteroalkyl, aryl, heteroaryl or acyl, or R Y1 and R* 2 , taken together with the 
nitrogen atom to which they are attached, for a heterocyclic or heteroaryl moiety. 
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39. The composition of claim 1 1 wherein the compound has the structure: 




or 3 or o*3 ; 

wherein R3-R6 and n are as defined in claim 11; Y2 and R are 
independently hydrogen or lower alkyl; R7 is a substituted or unsubstituted, linear or 
branched, cyclic or acyclic lower alkyl moiety; and R 8B is hydrogen or lower alkyl. 



40. The composition of claim 1 1 wherein the compound has the structure: 
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R Y1 Q Y 



or 




wherein R3-R6 are as defined in claim 11; Y 2 and R Yl are independently 
hydrogen or lower alkyl; R7 is a substituted or unsubstituted, linear or branched, 
cyclic or acyclic lower alkyl moiety; and R 8B is hydrogen or lower alkyl 

■ 

41 . The composition of claim 1 1 wherein the compound has the following 



structure: 



WO 2004/087672 



PCT/US2004/009380 



253 




R^O 



or a pharmaceutical^ acceptable salt thereof; 

wherein Xi is CH 2 , NH or O; 

Yi and Y2 are independently OH, C(R Y1 >3 or Yi and Y 2 taken 
together with the carbon atom to which they are attached are -C=0, wherein R Y1 is 
halo; 

R6 is H or lower alkyl; 
R5 is H or lower alkyl; 
R4 is OH; and 
R3 is alkyl. 



42. The composition of claim 41 wherein the compound has one of the following 
structures: 
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43. The composition of claim 1 , wherein the compound is present in an amount 
effective to inhibit metastasis of tumor cells. 

44. The composition of claim 1 , wherein the compound is present in an amount 
effective to inhibit angiogenesis. 

45. The composition of claim 1 , further comprising a cytotoxic agent 

46. The composition of claim 45, wherein the cytotoxic agent is an anticancer 
agent. 

47. The composition of claim 1 , further comprising a palliative agent 

48. A method for treating breast tumor metastasis in a subject comprising: 
administering to a subject in need thereof a therapeutically effective amount 

of the composition of claim 1. 

49. The method of claim 48, wherein the dosage is between about 1 mg/kg to 
about 50 mg/kg of body weight 

50. The method of claim 48, wherein the dosage is between about 0. 1 mg/kg to 
about 40 mg/kg of body weight 

5 1 . The method of claim 48, wherein the dosage is between about 1 mg/kg to 
about 40 mg/kg of body weight 

52. The method of claim 48, wherein the dosage is between about 0.1 mg/kg to 
about 30 mg/kg of body weight 

53. The method of claim 48, wherein the dosage is between about 1 mg/kg to 
about 30 mg/kg of body weight. 
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54. The method of claim 48, wherein the dosage is between about 5 mg/kg to 
about 30 mg/kg of body weight 

55. The method of claim 48, wherein the dosage is between about 0. 1 mg/kg to 
about 20 mg/kg of body weight 

56. The method of claim 48, wherein the dosage is between about 1 mg/kg to 
about 20 mg/kg of body weight. 

57. The method of claim 48, wherein the dosage is 10 mg/kg or greater of body 
weight 



58. The method of claim 48 wherein in the composition, the compound has one 
of the following structures: 

O 




59. The method of claim 58, wherein the composition is administered at a 
dosage between about 10 mg/kg to about 20 mg/kg of body weight 

60. The method of claim 48, further comprising administering a cytotoxic agent. 

61 . The method of claim 60, wherein the cytotoxic agent is an anticancer agent. 

62. The method of claim 48, further comprising administering a palliative agent. 
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